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access to employment centers is capitalized into house price. We conduct an event study 
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average house price appreciation of 3.75%, with the most distant residential zone 

enjoying the largest appreciation. When taking into account multiple employment 

centers, we find that the largest source of appreciation is from an improved access to a 

suburb center with poor initial accessibility and attractive job opportunities. Finally, 
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Introduction 

In the past decades, China invested heavily in urban transit lines in its metropolitan 
areas. Between 2010 and 2017, the total length of subway increased from 1,167 
kilometers (km) to 3,882 km. In 2017, the annual investment in transit lines was 476.1 
billion yuan (RMB), or 70.4 billion U.S. dollars. There are 43 cities constructing transit 
lines, with a total length of 6,246 km under-construction.1 The heavy investment in rail 
transits is based on the assumption that improved transportation infrastructure brings 
great social benefits. For households, a direct benefit is reduced commuting time to 
employment centers, although at the cost of a higher house price. In this paper, we 
estimate the effect of improved commuting access to employment centers on house 
prices and the distribution of such effect across neighborhoods.  

On 29 December 2007, subway Line 6 came into service in Pudong district, Shanghai, 
China. Line 6 lies along the east side of Huangpu River, a major north-south river that 
divides Shanghai into the west side and the east side. Since Line 6 connects major 
employment centers in Pudong district, its opening provides a unique opportunity to 
study the value of improved access to multiple employment centers in a transition 
economy.   

Despite large literature on land price or house price capitalization of an opening of 
urban rail, emerging cities are largely unstudied (Sharma and Newman, 2018). 
Metropolises in emerging countries are typically fast growing. During 1995 to 2003, 
the population of Shanghai grew from 14.15 million to 17.11 million, according to the 
National Bureau of Statistics of China. However, the downtown area was too crowded 
to accommodate such rapid growth.2 Actually, the population inside the outer-ring 
decreased from 4.53 million to 4.08 million during 1995-2003.3 The population growth 
was completely driven by the suburban area. Then, the imbalance between housing 
supply and labor demand appears. First, a large number of people live in suburb but 
work in downtown. This leads to congestion on the roads connecting suburb and 
downtown. For example, the driving speed “into” downtown was less than 1/4 of the 
speed “out of” downtown on the Humin Elevated Road during morning rush hours in 
2007. Second, new employment centers emerge in the suburb area. However, like the 
downtown centers, commuting from residential zones to these suburban employment 
centers is still costly. This leads to high commuting costs for people who work in suburb 
centers. By opening new subways, the government effectively connects labor demand 
in employment centers with population in residential zones. For example, till 2014, the 
600-meter service radius of subway stations already covered 47% of the jobs inside the 

																																								 																				 	
1 The data source is China Association of Metros (CAMET). The data is also available in the Wind database. See 
more details about CAMET at: http://www.camet.org.cn 
2 In the area inside the outer-ring, the lack of nocturnal parking space relative to residents’ demand increased from 
37% to 52% during the period 2009-2014. 
3	 Shanghai has three rings: inner ring, middle ring, and outer ring. The area inside the inner ring is the downtown. 
The area outside the outer ring is the distant suburb area.	
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outer-ring; in this area, about 15.1% of the trips were by subway.4 

This paper estimates the house price premium associated with the opening of a new 
subway line. The premium reflects residents’ utility gains from easier access to job 
opportunities. The lesson is useful not only for Shanghai, but also for other fast-growing 
cities around the world. 

We conduct the estimation in several steps. First, with data from Baidu Map,5 we 
calculate the reduction in commuting time from each house to each employment center 
in Pudong district after the opening of Line 6. Second, we use the repeat sales approach 
of Cohen and Brown (2017) to estimate the effect of time savings on house prices. Third, 
we analyze the distribution of the time-savings effect through locally weighted 
regressions along two dimensions: neighborhood income and proximity to Line 6 
stations. 

Our identification strategy has two features. First, we use the repeat sales approach to 
control for unobservable house characteristics and neighborhood conditions. Second, 
we directly measure time savings at the house level. To estimate the value of a new 
transit, the existing literature mostly uses the announcement or opening of the transit. 
For example, Billings (2011) regresses house prices on the interaction of an indicator 
for the time period after the announcement of the transit and an indicator for a property 
in the surrounding neighborhood. In contrast, we rely on the variations in the actual 
commuting time savings to identify the price premium associated with Line 6. By doing 
so, we focus on the value of improvement in accessibility. 

We also estimate how the commuting effect on house price varies with a residential 
zone’s distance to the central business district (CBD). It has been documented that the 
house price appreciation associated with a new line is distributed unevenly, with most 
studies focused on transit station gradients (e.g. McMillen and McDonald, 2004; 
Agostini and Palmucci, 2008). Instead, we study the variation with the distance to CBD 
by exploiting a unique dataset of transportation card records that allows us to observe 
the commuting flows along Line 6. 

We find the following: First, the improved access to the CBD employment center 
increases prices of houses along Line 6 by 3.75% on average. It is comparable to the 
subway-induced appreciation of 3.88% found in Toronto (Bajic, 1983). And in our case, 
the most distant zone has the largest appreciation. Second, when taking into account 
multiple employment centers, we find that the largest source of appreciation is from an 
improved access to a suburb center with poor initial accessibility and attractive job 
opportunities. On the other hand, an improved access to another distant suburb center 

																																								 																				 	
4 The statistics in this paragraph are from the reports of Shanghai City Comprehensive Transportation Planning 
Institute (SCCTPI), which are available (in Chinese) at http://www.cnki.net/. Some of the statistics are also available 
in Wind database. 
5 Baidu Map can be accessed at http://map.baidu.com/. It is a Chinese counterpart of Google Map, and is widely 
used by Chinese households. 
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does not lead to much house price appreciation for houses in the middle and inner rings, 
most likely due to the relatively low wage offered associated with the industry structure 
in this center. Fourth, in a given residential zone, the appreciation is stronger for lower-
income neighborhoods. The house price appreciation also increases with the distance 
from Line 6 stations, suggesting the negative externalities brought by the noise of 
subway and increased supply responses in areas closer to the stations.  

The rest of the paper is arranged as follows. Section II reviews the literature. Section 
III introduces the background knowledge of Line 6 as well as the major employment 
centers in Pudong, Shanghai. Section IV describes our data. Section V presents our 
major empirical findings. Section VI provides robustness checks and discussions. 
Section VII concludes and discusses avenues for future research. 

Literature review 

The literature on the effects of railway stations on property value is mixed in the finding 
with respect to the impact magnitude and direction, ranging from a negative to an 
insignificant or a positive impact (Debrezion, Pels, and Rietveld, 2007). The effects are 
complicated because there are conflicting forces, such as commuting cost savings, 
station externalities, crime, and retail development (Bowes and Ihlanfeldt, 2001). With 
evidence from Toronto, Canada, Bajic (1983) estimates that the effect of the subway on 
the market value of an average house in the Spadina area is $2,237. Gibbons and 
Machin (2005) use the opening of new stations in London, the United Kingdom, as a 
natural experiment. They find that households value rail access, and that these 
valuations are large compared to the valuations of other local amenities. Dubé, Thériault, 
and Des Rosiers (2013) show that the opening of a new commuter train service on the 
Montreal South Shore generates a location premium for houses located in the stations' 
vicinity. Donaldson and Hornbeck (2016) document that county agricultural land values 
increased substantially with increases in county market access, as the railroad network 
of the U.S. expanded from 1870 to 1890. Fesselmeyer and Liu (2018) estimate that a 
major expansion of Singapore's Mass Rapid Transit (MRT) system increased the value 
of pre-connected apartments by at least $455 million in aggregate. In contrast, Ibeas, 
Cordera, dell'Olio, Coppola, and Dominguez (2012) emphasize on the negative side. 
They find that closeness to the train stations implied reductions in house prices of 
Santander, Spain. With evidence from Singapore, Diao, Qin, and Sing (2016) document 
negative externalities of rail noise on housing values. 

While the above studies are based on developed countries, our paper considers an 
emerging country context. Zheng and Kahn (2013b) and Chen and Haynes (2015) find 
that the impact of China’s recent high-speed rail developments on housing values varies 
from secondary cities to mega-cities. We are different from them in that we look at a 
different scope. Unlike the inter-city high-speed rail transport, Line 6 connects different 
parts of a city rather than different cities. Zheng and Kahn (2008) test the classic urban 
monocentric model’s predictions in Beijing, China. The results from their hedonic 
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model show that access to public transit infrastructure is incorporated into house prices. 
Zheng and Kahn (2013a) study the impact of two recent major subway systems on 
gentrification in Beijing. They find an increased new housing supply and higher local 
prices in the vicinity. Li (2017) also uses data from Beijing. The author finds that 
consumers are willing to pay significantly more for access to rail transit in more 
congested areas. Chin, Kahn, and Moon (2018) define the opening of a major new 
subway in Seoul as a treatment for apartments close to the new rail stations. With the 
machine learning (ML) approach, they find that a majority of the “treated” apartment 
types appreciate in value, but other types decline in value. Finally, with evidence from 
India, Sharma and Newman (2018) show that urban rail increase land value in emerging 
cities. Although the above papers study the impact of public transits on house prices in 
emerging countries, none of them particularly look at the time savings effect. 

In terms of the uneven distribution of house price appreciation caused by a new transit 
line, most studies consider transit station gradients (e.g. McMillen and McDonald, 2004; 
Agostini and Palmucci, 2008). There are also papers that document the heterogeneity 
in the effect of rail transit expansions across cities (e.g. Kahn, 2007). However, few 
papers investigate how the effect varies with the distance from a house location to CBD. 
McMillen and McDonald (2004) find that house prices near the two transit stops closest 
to the CBD were largely unaffected by the new transit line in Chicago. They attribute 
such insignificance to the lack of parking space near the two stops. We contribute to 
this topic by providing evidence from Shanghai. Our conclusions differ from those in 
McMillen and McDonald (2004), and we discuss the reasons. Wu (2015) shows that 
the subjective valuations of rail transit access are distributed unevenly across space and 
social groups in Beijing. Unlike him, we investigate observed house prices (revealed 
preferences) rather than subjective valuations collected from surveys (stated 
preferences). 

The literature also finds that the effect of improved accessibility on house prices 
depends on neighborhood income level. In a study for Buffalo, New York, Hess and 
Almeida (2007) assess the impact of proximity to light rail transit stations on residential 
property values. They notice that proximity effects are positive in high-income station 
areas and negative in low-income station areas. In contrast, Lin and Cheng (2016) find 
different results in Taipei, Taiwan. In their study, the effect of job accessibility on 
apartment rent is significantly positive in the median or lower-rent-level sub-markets, 
but insignificantly negative in higher-rent-level sub-markets. In this paper, we introduce 
evidence from Shanghai. Relative to Buffalo and Taipei, Shanghai is unique in its rapid 
population growth in the past decades. 

Our work is also related to the literature on transportation and job accessibility. One 
typical assumption in this literature is that all jobs are located in the central business 
district (Hass and Osland, 2014). However, Shanghai is a city with multiple 
employment centers. Thus, following Cohen and Brown (2017), we consider the house 
price premium caused by the time savings of commutes to various employment centers. 
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We differ from Cohen and Brown (2017) in that we focus on the houses rather than on 
commercial real estates. Gibb, Osland, and Pryce (2013) consider multiple employment 
centers of varying size. With data from Glasgow, Scotland, they estimate that the 
monetary value of access to urban employment contributes around 13% of the average 
value of a house. However, Ibeas, Cordera, dell'Olio, Coppola, and Dominguez (2012) 
reach different conclusions in their study for Santander, Spain. After controlling for the 
time needed to reach the city’s CBD, they find that employment accessibility no longer 
has a significant coefficient in a regression of house prices. We are different from Gibb, 
Osland, and Pryce (2013) and Ibeas, Cordera, dell'Olio, Coppola, and Dominguez (2012) 
in that we use the repeat sales approach and take advantage of the opening of a new 
transit line. By doing so, we are able to control for observable and unobservable house-
specific characteristics, thus better identifying the value of improved accessibility that 
is incorporated into house prices. 

Background 

We first provide background knowledge about Line 6. This is then followed by a 
description of the major employment centers in Pudong, Shanghai. 

The opening of Line 6 in Pudong, Shanghai 

In the past two decades, Shanghai has witnessed a huge amount of investment in 
subway transportation. During 2001-2016, the total investment in the fixed assets 
related to public transit was more than 314 billion yuan, or approximately 45 billion 
U.S. dollars. At the end of 2017, the total length of operating subway lines in Shanghai 
reached 636 km – which represents the world’s largest rapid transit system by route 
length – with another 219 km under construction. There are 16 subway lines in 
operation, with 329 stations. The minimum departure interval is 120 seconds.6 

Line 6 came into service on 29 December 2007. As shown in Figure 1, it connects 
zones along the Huangpu River. As an important subway line in Pudong District, Line 
6 has high passenger volume. For example, on 7 March 2014, the passenger volume of 
Line 6 reached 370,000.7 

We investigate the value of improved access to employment centers by analyzing the 
prices of houses surrounding the northern part of Line 6. As shown in Figure 2, the 
northern part of Line 6 goes through three adjacent zones: Waigaoqiao (i.e. Zone A), 
Jinqiao (i.e. Zone B), and Yangjing (i.e. Zone C).8 For residents in this area, Line 6 is 
the only subway that brings them to Century Avenue station. Marked by a yellow dot 
in Figure 1, Century Avenue station is the gateway to Lujiazui (i.e. Zone D), which is 
the biggest employment center and CBD in Pudong District. Century Avenue station is 
																																								 																				 	
6 The statistics in this paragraph is from the Wind database. Information about the number of subway lines and 
stations is from the website of Shanghai Metro: http://service.shmetro.com 
7	 See more details at: http://service.shmetro.com/yygg/906.htm	
8	 The government divides Shanghai into 121 zones.	
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also the gateway to the west of the Huangpu River, which is the traditional downtown 
area with dense subway network. 

Houses in Zone A, B, and C provide a good setting to study the value of improved 
access to employment centers. First, the subway network is simple here. In this area, 
Line 6 only has 1 interchange station. This station involves Line 12, which came into 
service on 29 December 2013. Hence, the network effect of Line 6 is small, which 
means we can use a reduced-form approach to identify time savings effect associated 
with Line 6. 

Second, the time savings caused by Line 6 exhibit large variation across the three zones. 
For example, if one rides a bicycle, then the distance from Zone A, B, and C to Zone D 
(i.e. the CBD) is about 17.4 km, 9.2 km, and 5.4 km, respectively. Hence, Line 6 greatly 
reduces the commuting time to CBD for residents in Zone A, but less so for residents 
in Zone C. Such variation is necessary for us to identify the house price appreciation 
caused by time savings. 

Third, the three zones are similar in many aspects other than the distance to CBD. When 
identifying the impacts of public transportation on property values, one must control 
for the overall property value trends in neighborhoods (Billings, 2011). Being adjacent 
to each other, the three zones share similar economic shocks and policy shocks, so the 
overall property value trends are also similar. Thus, it is reasonable to compare the time 
savings effect across the three zones. 

When studying the impacts of rail transit line on property values, many papers compare 
house prices before and after the announcement date of the construction plan of the line 
(e.g. Cohen and Brown, 2017). However, our data of house transactions began in 
December 2006, whereas the construction of Line 6 began in December 2002. Thus, it 
is impossible for us to analyze the announcement effects. Instead, we compare house 
prices before and after the date when Line 6 opened. The opening day effect is not the 
entire effect of the new line, but rather, conditioning on knowing that Line 6 will open, 
the effect of actual opening on property price. In the section “Robustness checks and 
discussion”, we will discuss the reasons why an investigation on the opening day effect 
is meaningful. 

Employment centers in Pudong 

Shanghai Economic Census discloses employment information of the city, which are 
available for the year 2004, 2008, and 2013. To identify the major employment centers 
of Pudong prior to the opening of Line 6, we refer to the 2004 Census. We find that the 
four largest employment centers in Pudong are Zone D, B, C, and A, respectively.9 
																																								 																				 	
9	 The Census gives employment statistics by residential district (or “jiedao” in Chinese). Jiedao is a concept that is 
similar to zone (or “bankuai” in Chinese). However, a jiedao is sometimes smaller than a zone. For example, Zone 
D consists of Weifang jiedao and Lujiazui jiedao. The formmer is around the Century Avenue Station of Line 6; the 
latter is around the Lujiazui Station of Line 2.They are only 2.5 km away from each other. 
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Figure 3A displays the number of employees in the four zones from 2004 to 2013; 
Figure 3B displays the fraction of employees relative to the total employment in 
Pudong. Line 6 passes through all of the four zones. So, it actually connects the most 
important employment centers of Pudong. 

In later analysis, we will calculate the commuting time of trips between houses and 
employment centers. Here we focus on the employment centers in Zone D, B, and A. 
They are, respectively, the largest employment centers inside the inner-ring, the middle-
ring, and the outer-ring of Pudong before the opening of Line 6. Each of the three 
centers has a National Development Zone (NDZ).10 Owing to the favorable policies of 
NDZs, the three employment centers have experienced a steady growth in absolute size. 

Data 

We first describe our data. Then we illustrate how we compute the time savings of 
commutes from our sample houses to various employment centers. 

Data description 

Our transaction-level data is provided by a government institution that records house 
transactions in Shanghai. The data covers transactions in the secondary housing markets 
of Zone A, B, and C. The sample period spans from December 2006 to May 2015. 

Table 1 displays summary statistics of the transactions in our sample. As in Zhou 
(2016), the data used in this paper only covers houses with repeat sales in the secondary 
market, so the trades in our sample is a subset of transactions in the secondary market. 
The last column shows the relative volume, or the number of transactions in our sample 
as a percentage of the total transactions in the secondary market. The relative volumes 
in the three zones are similar. 

Our geographic data is from Baidu Map. Through its API service, we collect the latitude 
and longitude of the address of each house, as well as the commuting time of trips 
between employment centers and houses. With Baidu Map, we hand collect the walking 
distance between houses and their nearest subway stations. 

This paper also uses macroeconomic variables and regional economic variables. They 
are downloaded from the Wind database and the CSMAR database. Wind is developed 
by the Wind Information Co., Ltd. CSMAR is developed by GTA Information 
Technology Co., Ltd. and can be accessed through the WRDS database of the Wharton 
School. Both databases are widely used by the academics and the financial industry in 

																																								 																				 	
10 The NDZ of Zone D specializes in finance. The NDZ of Zone B specializes in high-tech industries, such as 
electronic engineering, new energy automobile, and bio-medicine. The NDZ of Zone A is a tariff-free zone; 
according to Shanghai Business Yearbook of 2017, about 51.7% of the companies in it are trading companies. 
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China.  

Time savings 

To study the value of time savings caused by Line 6, we compare the commuting time 
before and after Line 6’s opening. We denote the commuting time based on Line 6 and 
other public transportation that are available before 29 December 2007 as the post-
opening commuting time (i.e. Cp). Then we exclude Line 6 and regard the commuting 
time based on other public transportation that are available before 29 December 2007 
as the before-opening commuting time (i.e. Ce). Here we use other public 
transportations rather than driving as the alternative to Line 6 because car ownership 
rate was low. In 2006, the immediate year before the opening of Line 6, only less than 
5% of Shanghai households owned cars. Even in 2016, less than 30% of Shanghai 
households owned cars. 

Time savings (i.e. ΔC) is defined as max(Ce-Cp, 0). We calculate ΔC for commutes 
between each house and each employment center. For each employment center, we 
choose a representative point as the destination of the commutes. The representative 
point of Zone A is Hangjin Road Station of Line 6. The representative point of Zone B 
is Jinqiao Station of Line 6. The representative point of Zone D is Lujiazui Station of 
Line 2, which was opened earlier than Line 6. 

We calculate the mean and the standard deviation of ΔC. Here we only consider houses 
with repeat sales straddling the opening date of Line 6. That is, we only consider the 
houses with one transaction record before 29 December 2007 and another transaction 
record after the date. The numbers of such houses in Zone A, B, and C are 956, 2405, 
and 741, respectively.  

The summary statistics of ΔC are given in Table 2. For residents living in Zone B or 
Zone C, those who work in Zone A enjoy the largest time savings. For residents living 
in Zone A, those who work in Zone B enjoy the largest time savings. Notice that the 
largest time savings for Zone A residents are not associated with the employment center 
Zone D, though it is geographically farther than Zone B. This is because Zone D is a 
CBD. Prior to the opening of Line 6, there were buses that brought people from Zone 
A to Zone D. But Zone B is in suburb, just like Zone A. Without Line 6, it is 
inconvenient to travel between two suburb zones. That is, the marginal contribution of 
Line 6 on accessibility is larger for suburb employment centers than for the CBD 
employment center. 

We denote the time savings of commutes to Zone A, B, and D by ΔCA, ΔCB, and ΔCD, 
respectively. The correlation matrix of the time savings is displayed in Table 3. For 
residents in Zone A, B, and C, ΔCB and ΔCD are highly correlated. For residents in Zone 
B and C, ΔCA is also highly correlated with ΔCB and ΔCD. The high correlations 
introduce collinearity problems, which we need to deal with in later analysis. 
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Empirical results 

We first estimate the average house price appreciation resulted from an improved access 
to employment centers. Then we estimate the dispersion of the time savings effect. We 
look into two potentially important determinants: neighborhood income level and 
proximity to Line 6 stations. 

Time savings and house price appreciation 

Following the approach of Cohen and Brown (2017), we explore the house price 
appreciation that is attributable to the time savings brought by Line 6. We use the repeat 
sales straddling the date 29 December 2007 to run regression (1). Here Pn,1 (Pn,2) is the 
transaction price of the first (second) sale of house n. ΔC is the time savings of the 
commute from a house to an employment center associated with the opening of Line 6. 
The term !",$% -!",&%  equals 1 (-1, respectively) if the second (first, respectively) sale of 
house n occurs in time s, and zero otherwise. It controls for house price trends in the 
three zones. Then the product of ΔC and the estimated β is a measure of appreciation 
due to time savings. 
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First, we consider time savings of commutes to Zone D, which is a CBD employment 
center. On the right side of regression (1), we only include ΔCD and time dummies. The 
regression results are shown in Panel 1 of Table 4A. Specification (1) considers all 
houses in Zone A, B, and C. The coefficient βD is significantly positive, indicating that 
house value increases with proximity to Zone D, which is the largest employment center 
in our sample. And as displayed in Panel 2, the average time savings of commutes to 
Zone D is about 12 minutes, yielding a total appreciation of 3.75% (i.e.0.31%*12) on 
house price. Bajic (1983) studies the Spadina area of Toronto. According to the author’s 
estimation, the effect of the subway on the market value of an average house is $2,237, 
or 3.88% of its original value. Therefore, our estimation of the appreciation due to easier 
access to CBD is comparable to the appreciation in Toronto three decades ago. 

Then we separately look at Zone A, B, and C. As shown in Panel 2, the appreciation in 
the three zones is 4.91%, 2.16%, and 3.75%, respectively. Zone A has the largest 
appreciation, consistent with the intuition that the most distant place enjoys the most. 
The appreciation in Zone A is mainly caused by the large time savings of commutes to 
Zone D, which is nearly 17 minutes. 

Second, we consider the suburb employment center, Zone B. It is the second largest 
employment center of Pudong in 2004. To study the effect of easier commutes to Zone 
B, we need to deal with the high correlation between ΔCB and ΔCD, which arises 

(1)	
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because commuters may travel to Zone D via Zone B. In order to tease out the spurious 
correlation due to Zone D in estimating the Zone B effect, we adopt a residual approach 
as in Ibeas, Cordera, dell'Olio, Coppola, and Dominguez (2012).11 In the first stage, 
we regress ΔCB on ΔCD. The residual is denoted as ΔCBr. In the second stage, we test 
if ΔCBr explains house price appreciation after controlling for ΔCD. 

Results of the second stage are displayed in Panel 1 of Table 4B. In specification (1), 
we consider all houses in Zone A and C. Notice that we exclude houses in Zone B here. 
If someone lives and works in the same zone, it is likely that he/she lives near the 
workplace. Then Line 6 is irrelevant. As shown in the table, βBr is significantly positive 
in specification (1). Hence, easier commutes to Zone B have value that is distinct from 
the value of easier commutes to Zone D. Since the average time savings of commutes 
to Zone B is about 16 minutes, the house price appreciation is 5.58%. 

Then we specifically look into houses in Zone A and repeat the above two-stage 
analysis. The coefficient βBr remains significantly positive, leading to an appreciation 
of 5.30%. Combining this result with that in Table 4A, the total appreciation caused by 
improved access to Zone D and B is 10.21% (i.e. 4.91%+5.30%). Regarding Zone C, 
the appreciation due to easier access to Zone B is 8.53%. The total appreciation caused 
by improved access to Zone D and B is 12.28% (i.e. 3.75%+8.53%). 

For both Zone A and C, the appreciation due to improved access to the suburb center 
(i.e. Zone B) is larger than the appreciation due to improved access to the CBD center 
(i.e. Zone D). One important reason is that the suburb center is associated with larger 
time savings than the CBD center. For example, for houses in Zone C, the average ΔCD 
is only about 6 minutes, but the average ΔCB is about 13 minutes. Unlike the CBD 
center, the accessibility of the suburb center was relatively poor before the opening of 
Line 6. This new line reduces the difference in accessibility of the two centers. In this 
sense, Line 6 supports the development of suburb employment centers by connecting 
labor demand there with labor supply in other parts of the city. 

McMillen and McDonald (2004) find that house prices near the two transit stops closest 
to the CBD were largely unaffected by the new transit line in Chicago. They explain 
that significant transit station gradients are confined to the stations with parking, and 
the two CBD stops do not have parking. Being close to the CBD, parking space is scarce 
in Zone C. But still, easier access to employment centers lead to non-trivial appreciation 
in Zone C. This, in turn, highlights the residents’ utility gain from easier access to 
employment centers. 

Third, we consider another suburb employment center, Zone A. It is even further away 
from the city center than Zone B. To identify the distinct value of easier commutes to 

																																								 																				 	
11	 In the study of Ibeas, Cordera, dell'Olio, Coppola, and Dominguez (2012) for Santander, Spain, employment 
accessibility does not affect house prices after controlling for the time needed to reach the city’s CBD. The authors 
attribute this to the collinearity of the distance to CBD and employment accessibility and adopt a residual approach.	
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Zone A, we repeat the above two-stage analysis. In the first stage, we regress ΔCA on 
ΔCD and ΔCB, and denote the residual as ΔCAr. In the second stage, we test if ΔCAr 
explains house price appreciation after controlling for ΔCD and ΔCB. 

In specification (1) of Table 4C, we consider all houses in Zone B and C. The 
coefficient βAr is insignificant. Then we separately look at the two zones. For Zone B, 
we regress ΔCA on ΔCD in the first stage, and denote the residual as ΔCAr. For Zone C, 
we regress ΔCA on ΔCD and ΔCB in the first stage, and denote the residual as ΔCAr. In 
both zones, βAr is insignificant in the second stage. It seems that residents in the two 
zones do not care about the employment center in Zone A. One possible reason is that 
the average wage in Zone A is not high enough to attract population living in expensive 
districts such as Zones B and C. In the section “Robustness checks and discussion”, we 
will discuss more about this. 

In summary, we find the following interesting patterns. First, all three residential zones 
experienced house price appreciation due to easier access to the CBD employment 
center. Houses in the most distant zone from the CBD appreciate the most, given that 
they enjoy the largest time savings after the opening of Line 6. Second, the largest 
appreciation is associated with improved access to a suburb employment center. The 
suburb center had poor initial accessibility and offered attractive employment 
opportunities. Third, the time savings of commutes to a more distant suburb center do 
not lead to house price appreciation in the middle-ring and inner-ring residential zones. 
One possible reason is that the low wage in the center makes the commuting to this 
center less attractive for people who live near CBD.  

To further understand the varied time-savings effects in the three zones, we look at the 
commuting flows of Line 6. We have micro-level data of transportation cards, which 
cover all usage records on 13 April 2015, an ordinary Monday. The available variables 
include card ID, the time when the card was used, and the subway station where the 
card was used. Focusing on the records between 5 a.m. and 9 a.m., we regard the 
subway station of the first record as the nearest subway station from one’s home, and 
regard the subway station of the second record as one’s working place. 

Table 5 provides summary statistics of the commuting flows in the morning. For 
example, there are totally 12,083 commutes from Line 6 subway stations in Zone A. 
Among these commutes, 1,007 end at another station in Zone A, 1,319 end at a station 
in Zone B, and 2,290 end at a station in Zone D. That is, nearly 19% of the residents in 
Zone A work in Zone D. For commuters from Zone B and C, Zone D is also an 
important destination. The large commuting flow to Zone D justifies the house price 
appreciation due to easier access to Zone D. 

In Zone C, only about 7% (i.e. 296/4423) of the commuters go to Zone B. Meanwhile, 
the house price appreciation due to easier access to Zone B is as high as 8.53%, which 
seems to be hardly justified by the commuting flows. The larger price appreciation 
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comes from two factors. First, the employment center at Zone B provides attractive job 
opportunities, in terms of both employment growth and wage growth as discussed later 
in the section “Robustness checks and discussion”. As a result, residents value the 
commuting access to Zone B, as reflected by βBr, which is largest among all commuting 
coefficients. The revealed preference for commuting to Zone B may also reflect 
households’ confidence about future job growth in Zone B, which we do not directly 
observe since our sample ends in May 2015. Second, Zone B has poor initial 
accessibility. Line 6 brought substantial time savings for commuters from Zone C (13 
minutes) and Zone A (18 minutes) to employment center B. For these two reasons, even 
with a relatively small fraction of commute flows to Zone B in our sample, the marginal 
effect of time savings to Zone B on house price is still sizable.   

Dispersion of the time savings effect 

To investigate the dispersion of the appreciation due to time savings, we run locally 
weighted regressions (i.e. LWR). The LWR approach facilitates the discovery of non-
constant pricing of housing attributes, which allows for subsequent analysis of the 
determinants of the variation in pricing (Redfearn, 2009; McMillen and Redfearn, 2010; 
Cohen and Brown, 2017). The housing attribute that we focus on is the commuting time 
to employment centers. By using the LWR approach, we can see how the time savings 
effect of Line 6 varies from house to house. 

When using the LWR approach, we implicitly assume that the time-savings effect is 
similar among houses that are geographically close to each other. The literature has 
found that neighborhood income level and proximity to stations are two vital factors 
that determine the house price appreciation associated with a new transit line (e.g. 
McMillen and McDonald, 2004; Hess and Almeida, 2007; Lin and Cheng, 2016). For 
houses that are geographically close to each other, the proximity to Line 6 stations and 
neighborhood income level are also similar. Such similarity justify our usage of the 
LWR approach. 

We run the LWR as shown in (2). When house n is the target point, we include in the 
regression all houses in the same zone. Pk,1 and Pk,2 are, respectively, the transaction 
prices of the first sale and the second sale of house k, which is in the same zone as house 
n. The two sales straddle the opening date of Line 6. ΔC is a vector of time saving of 
commutes from house k to employment centers. The term !",$% -!",&%  equals 1 (-1) if the 
second (first) sale of house k occur in time s, and zero otherwise. The weight wnk equals

2exp( )nkd- . It decreases with dnk, which is the distance between house n and house k. 
The distance is based on the longitudes and latitudes of houses. 

101

,2 ,1 ,2 ,1
1

ln( / ) ( )s s s
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For a house in Zone A, the vector ΔC simultaneously includes ΔCB and ΔCD as elements. 
So the appreciation due to time savings is ΔCB*βB+ΔCD*βD; here the βs are the 
coefficients estimated from the LWR. For a house in Zone B, the vector ΔC includes 
ΔCA and ΔCD. Then the appreciation is ΔCA*βA+ΔCD*βD. For houses in Zone C, the 
vector ΔC includes ΔCA, ΔCB, and ΔCD. The appreciation is ΔCA*βA+ΔCB*βB+ΔCD*βD. 
Summary statistics of the appreciation in each zone are shown in Table 6. The median 
appreciation in Zone A, B, and C is 7.95%, 1.79%, and 9.35%, respectively. 

Now we can explore into the driver of the cross-sectional differences in the appreciation. 
First, we consider neighborhood income level. Poor people are more likely to rely on 
public transportation, which is cheap and time-intensive (Glaeser, Kahn, and Rappaport, 
2008). We use UnitPrc as a proxy for neighborhood income level. It is the price per 
square meter (million yuan) of a house before the opening of Line 6, deflated to the 
house price level in December 2006 by CPI of Shanghai. When using UnitPrc as a 
proxy, we assume that richer people live in houses with higher unit price. Such houses 
are usually located in downtown zones with good amenities and good school district 
(Zhang and Li, 2014). In China, the average income decreases with the distance from 
downtown.12 

Second, we consider the proximity to Line 6 stations. The relationship between station-
proximity and the time savings effect is complicated. On one hand, living near a station 
means better access to employment centers. On the other hand, a subway station may 
bring noise and traffic congestion in the surrounding area. With evidence from the 
Cessation of Railway Operations in Singapore, Diao, Qin, and Sing (2016) find that the 
removal of train noise externalities increases house prices in the affected area by 13.7% 
on average. We define WalkD as the walking distance from house n to the nearest Line 
6 station. It is a measure of station proximity.  

Then we run regression (3) separately for Zone A, B, and C. The dependent variable is 
the appreciation of house n due to time savings, which is estimated in the same way as 
in Table 6. To highlight the effects of Line 6, we exclude a house if the nearest station 
belongs to other subways lines, such as Line 12, Line 2, and Line 9.  

1 2n n n nAppreciation c UnitPrc WalkDb b e= + + +  

As displayed in Table 7, the coefficient of UnitPrc is significantly negative in all the 
three zones. That is, the appreciation due to time savings decreases with neighborhood 
income level. This is consistent with Lin and Cheng (2016), who find that the effect of 
job accessibility on apartment rent is higher in the median or lower-rent-level sub-

																																								 																				 	
12 In 2014, the per capital disposable income of urban residents is 48,841 yuan in Shanghai, but only 37,519 yuan 
in its suburb districts (i.e. Jiading, Jinshan, Songjiang, Qingpu, Fengxian, and Chongming). One reason for the 
residence of rich people in downtown is that China restricts the construction of villas, even in suburb. In 2010, the 
No. 151 announcement of the Ministry of Land and Resources required that the “plot ratio” of residential land must 
be larger than 1. Plot ratio is floor area divided by total land area. 

(3)	
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markets of Taipei. On the other hand, our results differs from those of Hess and Almeida 
(2007), who find that the value of proximity to light rail transit stations are positive in 
high-income station areas and negative in low-income station areas of Buffalo. One 
reason for the difference is that proximity to light rail transit stations may not be a good 
measure of the utility gain from the transit. Another reason is that Shanghai experienced 
large inflow of immigrants in the past decades, just like Beijing (Han, Han, and Zhu, 
2018). Young immigrants typically have low income and rely on public transportation 
for daily commuting. In contrast, the population and ridership in Buffalo have been 
declining. 

Moreover, the coefficient of WalkD is significantly positive in all the three zones, which 
indicates negative externality of subway stations. The magnitude of this coefficient is 
largest in Zone A. An additional distance of 1 km from the nearest subway station leads 
to an additional appreciation of 16.36%. Notice that Line 6 totally have 9 stations that 
are on-the-ground; 7 of them are in Zone A and 2 are in Zone B. Therefore, the noise 
problem is more severe in Zone A than in the other two zones. 

To draw a more complete picture of the relationship between station-proximity and 
appreciation due to time savings, we plot the appreciation against WalkD. In Figure 
4A-4C, WalkD corresponds to the x-axis. Consistent with Table 7, the figures show a 
positive relationship between WalkD and appreciation, which is more evident in Zone 
A and B than in Zone C. There is no evidence that the relationship is reversed as WalkD 
grows. 

Robustness checks and discussion 

This section tests whether our results are robust to a fixed window size in the LWRs. 
We also mitigate concerns related to changes in the quality of a house between its two 
sales. Then we discuss about the response of the supply side to the opening of Line 6. 
We also discuss about the development of employment centers after its opening. Finally, 
we explain why it is meaningful to look at the opening day effect, though it is only part 
of the total effects brought by Line 6. 

Fixed window size 

In the LWRs, we implicitly use a bandwidth that includes all houses in the same zone 
as the target point. The practice of including all houses in the same zone is motived by 
Pagan and Ullah (1999), who suggest that the optimal window size should be larger 
when the goal is to estimate marginal effects than when the objective is prediction, 
especially when the goal is to estimate the marginal effects of locational variables. 
However, this practice means that the number of observation varies with the zone of 
the target point. According to McMillen and Redfearn (2010), a common window size 
for all target points is generally preferable to a fixed bandwidth for analyzing spatial 
data. 
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Now we use a fixed window size. For each target point, we include the nearest 500 
houses and redo the analysis. As shown in Table 8, the results are essentially the same 
as in Table 6. Thus, our results are insensitive to the choice of window size. 

Changes in the quality of houses 

In regression (1), we use the repeat sales approach to identify the effect of reduced 
commuting time on house prices. But the regression does not consider the quality 
changes between two sales of a house. Although our sample period is less than 10 years, 
quality changes are still possible. To mitigate this concern, we apply the method of Case 
and Shiller (1987) to the regression of Table 4A. More specifically, we denote the 
squared residual from regression (1) as SqR. Then we regress SqR on a constant and the 
time between two sales (i.e. lag), as shown in (4). Finally, dividing each observation by 
the square root of the fitted value in (4), we repeat the regression of Table 4A. The 
results are displayed in Table A1 in Appendix, which are essentially the same as in 
Table 4A. This effectively mitigates the concern about quality changes between two 
sales of a house. 

n n nSqr c lagb e= + +  

Supply shocks in the primary market 

By attributing house price appreciation to time savings, we have focused purely on the 
demand side of the housing market. However, it is worthwhile investigating whether 
the supply side variations have contributed to the estimated house price appreciation.  

Due to data limitation, we do not know the exact number of new houses in these projects, 
so we cannot run a formal regression of housing supply like Zheng and Kahn (2013a). 
And since the land sales data in Wind began in December 2007, which is the exact 
month when Line 6 was opened, we cannot do a before-after comparison analysis. Thus 
our goal here is not to provide a formal supply analysis, but rather some suggestive 
evidence on the supply side.  

During December 2007 to June 2015, there were 11 sales of residential land in Zone A, 
B, and C, according to the Wind database. The details of the sales are given by Table 
A2 in Appendix. Table 9 provides summary statistics of these land sales. As can be 
seen from the table, Zone A experienced the earliest and largest supply shocks. These 
shocks affect equilibrium house prices in Zone A and mute the time savings effect. 
Moreover, the new projects, except for the relocation-oriented ones, are close to Line 6 
stations.13 Therefore, the muting effect is larger in areas near Line 6 stations. This helps 
explain why the appreciation due to time savings significantly decrease with the station-

																																								 																				 	
13	 Relocation-oriented houses are built for the households that have lost their original houses for city 
planning reasons. Please refer to Chen and Lai (2013) for more information about relocation.	

(4)	
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proximity, as can be seem from Figure 4A. 

In each of Zone B and C, there was only 1 land transaction during our sample period. 
The corresponding projects were still under-construction till the end of our sample 
period. Thus, the supply shocks are relatively small in these two zones. The time-
savings effect in the secondary market is unlikely to be muted. 

Besides, to the extent that Shanghai and Beijing have many similarities, two points from 
Zheng and Kahn (2013a) are worth referring to. First, they find that developers are 
responding to the government investment on subway by constructing new housing 
towers near subway stops. This is consistent with our finding that developers started 
new projects near Line 6 stations in Zone A, where land supply is relatively elastic. 
Second, they find that the response of developers is stronger around construction-
completed subway stops than around construction-started stops. Therefore, although 
our land sales data only started in December 2007, they are still informative about 
developers’ response towards the new line. 

Suburb employment centers 

Zone A and Zone B are suburb employment centers. Before the opening of Line 6, their 
accessibility was relatively poor. Line 6’s opening was supposed to bridge the labor 
demand in these suburb centers and labor supply in other places. However, according 
to our empirical results, easier access to Zone B is valued whereas that to Zone A is not. 
It seems that residents living in other zones value the job opportunities in Zone B but 
not those in Zone A. Now we discuss more about this. 

As mentioned in the section “Background”, each of Zone A and Zone B has a National 
Development Zone (NDZ). In Figure 5, we show the per-capita profit of Zone A’s NDZ 
and Zone B’s NDZ. Per-capita profit is calculated as the total profits of firms in a NDZ 
divided by the total number of employees in the NDZ. During 2007-2013, the per-capita 
profit of the NDZ in Zone B almost doubled. In contrast, the per-capita profit of the 
NDZ in Zone A decreased. Suppose that per-capita profit is positively correlated with 
wage, the figure indicates that the wages in Zone B (A) grew (declined). 

The low wages in Zone A results from its industry structure. As mentioned in footnote 
7, Zone A specializes in the trade industry. According to the National Bureau of 
Statistics of China, the average annual wage of the whole sale and retail industry was 
65,061 yuan in 2016, which was below the national average.14 In contrast, Zone B 
specializes in high-tech industries. The wage should be higher than in Zone A.  

Partially due to the low wages, the size of Zone A did not grow much after the opening 
of Line 6. As shown by Figure 3A, during 2004-2008, the total number of employees 

																																								 																				 	
14 The average wage is based on firms in the urban area. Individually-owned firms are excluded. 
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in Zone B grew by 34.23%, while that in Zone A only grew by 16.21%. 

In sum, because of the low wages, jobs in Zone A are not attractive enough for residents 
facing high living costs, such as those living in Zone B and C. This helps explain why 
easier access to Zone A is not valued.  

Evidence from the stock market 

Our empirical results indicate that job opportunities in Zone B and D are valued by 
residents in other zones, whereas those in Zone A are not. Therefore, we should observe 
that Zone B and D benefit from increased labor supply after the opening of Line 6, 
whereas Zone A does not. Now we show that this argument is consistent with patterns 
in the stock market. 

Each of Zone A, B, and C has a NDZ, and each of the three NDZs corresponds to a 
listed firm. For example, the primary business of Shanghai Waigaoqiao Free Trade 
Zone Group is the development and operation of the NDZ in Zone A. The primary 
business of Golden Bridge is the development and operation of the NDZ in Zone B. 
The primary business of Lujiazui Property is the development and operation of the NDZ 
in Zone D. We name the three firms as Firm A, B, and D, respectively.15 By improving 
the accessibility of NDZs, Line 6 changed the fundamentals of these three firms. 

The Chinese stock market is dominated by individual investors (Tan, Chiang, Mason, 
Nelling, 2008), who are net buyers of attention-grabbing stocks, such as stocks in the 
news (Barber and Odean, 2007). The news of Line 6’s opening attracted investor 
attention. If it was believed to be good news for the three NDZs, then the three stocks 
should have positive abnormal returns in December 2007. 

We calculate the abnormal returns of the three stocks in the standard way. For month t, 
we estimate α and βs on 24 to 60 monthly returns (as available) in the past 5 years 
according to (5a), i.e. t-60≤s≤t-1. Here ret is stock returns in excess of risk-free rate. 
MKT, SMB, HML, CMA, and RMW are the five factors of the Chinese stock market, 
which are constructed by the CSMAR database with Chinese data according to the 
method of Fama and French (2015). Then, with the estimated α and βs, we compute 
abnormal returns as descripted in (5b). This approach is similar to the one used by Liu, 
Shu, and Wei (2017), except that they use the CAPM framework (Sharpe, 1964) rather 
than the five factor framework (Fama and French, 2015). 

, , 1, , 2, , 3, , 4, , 5, , ,i s i t i t s i t s i t s i t s i t s i sret MKT SMB HML CMA RMWa b b b b b e= + + + + + +

, , , 1, , 2, , 3, , 4, , 5, ,
ˆ ˆ ˆ ˆ ˆˆi t i t i t i t t i t t i t t i t t i t tAR ret MKT SMB HML CMA RMWa b b b b b= - - - - - -  

																																								 																				 	
15 Firm A, B, and D are all state-owned firms. Their stock codes are 600648, 600639, and 600663, respectively. 

(5a)	

(5b)	
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As can be seen from Figure 6, in December 2007, the abnormal returns of firm B was 
as high as 11.09%. The abnormal returns of firm D was 2.59% .The stock of Firm A 
was suspended in the month, but the abnormal returns before and after the opening of 
Line 6 were negative. These patterns suggest that investors were very optimistic about 
the effect of Line 6 on Zone B’s NDZ. They also believed that Line 6’s effect on Zone 
D’s NDZ was positive, though smaller in magnitude. In contrast, investors did not see 
much value of Line 6 to Zone A’s NDZ. These patterns are consistent with our findings 
in the housing market. 

The opening day effect 

Like Lin and Hwang (2003), Sharma and Newman (2018), and Bajic (1983), we test 
the opening day effect. Admittedly, house prices are affected before the opening of a 
new line because of the anticipation effect, as pointed out by McMillen and McDonald 
(2004). But still, an investigation on the opening day effect is meaningful. There are at 
least two reasons. 

First, the announcement day is followed by noise and disruption of normal road usage 
associated with the construction of infrastructure (Cohen and Brown, 2017). If we focus 
on the announcement day, then the value of improved access to employment centers 
will be muted by such negative externalities. By looking at the opening day, we can 
avoid this problem. 

Second, only part of the value of improved accessibility is incorporated into house 
prices around the announcement day. For example, Billings (2011) investigates a new 
transit option that was announced in 2000 and began service in 2007. The author finds 
that the effects on house prices are not present until 2003-2008. That is, part of the 
accessibility value is not incorporated into house prices until several years after the 
announcement day. The opening day is a possible date when the rest of the value is 
revealed. 

Concluding remarks 

This paper studies how improved access to employment centers is incorporated into 
house prices in a transition economy. We conduct a case study for the opening of Line 
6 in Pudong district, Shanghai, China. Lying along the east side of Huangpu River, 
subway Line 6 came into service on 29 December 2007. It passes through the major 
employment centers in Pudong. With transaction-level data of houses, we use the repeat 
sales approach to estimate the house price appreciation due to improved access to 
employment centers. 

Several findings emerge from our analysis. First, improved access to the CBD 
employment center leads to house price appreciation in residential zones along Line 6. 
The average appreciation of 3.75% is comparable to the subway-induced appreciation 
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found in Toronto (Bajic, 1983). In our case, the appreciation is largest in a distant suburb 
zone. Second, if we consider multiple employment centers, then the largest source of 
appreciation is easier commutes to a suburb center with poor initial accessibility and 
high expected employment growth. On the other hand, an improved access to another 
distant suburb center does not lead to much house price appreciation for houses in the 
middle and inner rings, most likely due to the relatively low wage offered by the major 
industry in this center. Fourth, in a given residential zone, the appreciation is stronger 
for lower-income neighborhoods. The house price appreciation also increases with the 
distance from Line 6 stations, suggesting the negative externalities brought by the noise 
of subway and increased supply responses in areas closer to the stations.  

The lesson from Shanghai is useful not only for Chinese cities, but also for other fast 
growing cities around the world. In such cities, population growth is driven by the 
suburb area. However, commuting from suburb residential zones to employment 
centers is costly. Then a public transit line can mitigate the problem through two 
mechanisms. First, it connects labor demand in downtown with labor supply in suburb. 
Second, it accelerates the development of suburb employment centers by attracting 
labor force from other parts of the city. By improving accessibility, public transit leads 
to utility gains, which is incorporated into house prices. 

This paper has several limitations. First, our conclusions may not be applicable to cities 
with low population density, such as central and western China (Wang, Xia, and Zhang, 
2017). Second, we do not estimate the entire effect of Line 6, but rather, conditioning 
on knowing that it will open, the effect of actual opening on house prices. Third, we 
assume that the distance effect (i.e. the coefficients of time savings) does not change 
much after the opening of Line 6. 

Our future work includes a formal investigation for the effect of a new transit line on 
the distribution of jobs. Shanghai has multiple employment centers, and the 
employment map is evolving over time. A new subway line changes the commuting 
time to employment centers, which possibly reshapes the employment map. Another 
interesting extension is a study for developers’ behavior. With a proper dataset, we can 
investigate how much of the value of time savings is translated into house prices and 
how much of it is translated into house quantities. 
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Figure 1 Line 6 on the map 

Notes. The thick red line marks subway Line 6. The yellow dot marks Century Avenue station. The 
black dot marks Lujiazui station. 
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Figure 2 The northern part of Line 6 

Notes. The black dotted line shows the cut-off line between zones. The red line shows Line 6. 
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Figure 3A Number of employees  Figure 3B Fraction of employees in Pudong 
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Figure 4A Houses in Zone A    Figure 4B Houses in Zone B 

 
Figure 4C Houses in Zone C       
Notes. The figures plot appreciation due to time savings against the walking distance to the nearest Line 
6 station. The x-axis shows the walking distance (km). A house is dropped if its nearest station does not 
belong to Line 6. The figures only show the appreciation between the 1st percentile and the 99th percentile. 
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Figure 5 Per-capita profit in NDZs 
Note. Each of Zone A and Zone B has a NDZ. The y-axis shows the per-capita profits (in 10 thousand 
yuan) in the NDZs. It is the total profits divided by the total number of employees. According to the 
Wind database, the source of the employment data and profitability data is the Bureau of Statistics of 
Shanghai. Zone D also has a NDZ, but its information was unavailable until 2010.  
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Figure 6 Abnormal returns of the three stocks 

Note. This figure shows the monthly abnormal returns of Firm A, B, and D, which are three listed firms 
that run the NDZ of Zone A, B, and D, respectively. During November 2007 to February 2008, the stock 
of Firm A was suspended. The calculation of abnormal returns is based on the framework of Fama and 
French (2015). The Chinese five factors are constructed by the CSMAR database. 
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Table 1 Summary statistics of transactions 
Zone Location Price/m2 

(yuan) 
Size 
(m2) 

Number of 
transactions 

Number of 
transacted 
houses 

Relative 
volume 

A Outer-ring 12874.65 76.09 7975 3708 27.68% 
B Middle-ring 16380.66 72.01 18402 8588 28.51% 
C Inner-ring 23207.00 81.41 5887 2750 30.86% 

Notes. The 3rd column shows the average price per square meter. The 4th column shows the average size 
of transacted houses. The 5th column shows the number of transactions. The 6th column shows the number 
of houses involved in our sample. The last column shows relative volume, which is the number of 
transactions in our sample as a percentage of all secondary market transactions during January 2010 to 
June 2015. 
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Table 2 Time savings associated with commutes 
From: House  To: Destination Employment 

Center 
Mean 
of Ce 

Mean 
of ΔC 

Std of 
ΔC 

A Hangjin Road Station A 32.5989 3.7845 6.1913 
A Jinqiao Station B 58.2287 18.2897 13.7326 
A Lujiazui Station D 78.7856 16.9184 11.0919 
B Hangjin Road Station A 55.7932 19.5119 10.3918 
B Jinqiao Station B 27.3209 5.9609 6.2823 
B Lujiazui Station D 51.2328 11.9767 7.5042 
C Hangjin Road Station A 71.6287 29.6073 7.6735 
C Jinqiao Station B 35.7191 12.9285 7.0427 
C Lujiazui Station D 32.6912 6.2524 5.2177 

Notes. The 1st column shows the zone where a house is located. The 2nd column shows the destinations, 
i.e. the representative points of employment centers. We regard subway stations as representative points. 
The 3rd column shows the zone where a representative point of an employment center is located. The 4th 
column shows the average commuting time before the opening of Line 6. The 5th column shows the 
average time savings. The last column shows the standard deviation of the time savings. Zone A, B, and 
C and D refers to the zone Waigaoqiao, Jinqiao, Yangjing, and Lujiazui, respectively. 
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Table 3 Correlation matrix of time savings 
 Houses in Zone A Houses in Zone B Houses in Zone C	

  ΔCB ΔCD ΔCB ΔCD ΔCB ΔCD 
ΔCA 0.2090 -0.1878 0.5081 0.3851 0.4082 0.6176 

ΔCB  0.6500  0.5268  0.6340 
Notes. ΔCA, ΔCB, and ΔCD are time savings associated with commutes to Zone A, B, and D, respectively. 
Zone A, B, and C and D refers to the zone Waigaoqiao, Jinqiao, Yangjing, and Lujiazui, respectively. 
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Table 4A Value of time savings: Zone D as Destination 
 Panel 1: Reg. results Panel 2: Appreciation 
 βD R2 Obs Δ'D βD*Δ'D 
(1) All 0.0031*** 78.68% 4102 12.0943 0.0375 
 0.0000     
(2) Zone A 0.0029** 80.54% 956 16.9184 0.0491 
 0.0186     
(3) Zone B 0.0018* 79.26% 2405 11.9767 0.0216 
 0.0880     
(4) Zone C 0.0060** 81.54% 741 6.2524 0.0375 
 0.0316     

Notes. The dependent variable is the natural logarithm of Pn,2/Pn,1, which is the ratio of two transaction 
prices of house n. The two transactions straddle the opening date of Line 6. The key variable on the right 
side is the time savings of commutes from house n to Zone D, which is a CBD. Coefficients of time 
dummies are not reported. Zone A, B, and C and D refers to the zone Waigaoqiao, Jinqiao, Yangjing, 
and Lujiazui, respectively. Numbers in italics are p-values. 
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Table 4B Value of time savings: Zone B as Destination, residual approach 
 Panel 1: 2nd stage Reg. Panel 2: Appreciation 
 βBr βD R2 Obs Δ'Br βBr*Δ'Br 
(1) All 0.0035*** 0.0038*** 79.70% 1697 15.9487 0.0558 
 0.0016 0.0001     
(2) Zone A 0.0029** 0.0029** 80.65% 956 18.2897 0.0530 
 0.0243 0.0183     
(3) Zone C 0.0066** 0.0060** 81.72% 741 12.9285 0.0853 
 0.0134 0.0310     

Notes. The dependent variable is the natural logarithm of Pn,2/Pn,1, which is the ratio of two transaction 
prices of house n. The two transactions straddle the opening date of Line 6. The independent variables 
include ΔCD and ΔCBr; ΔCBr is the residual from a regression of ΔCD on ΔCBr. Coefficients of time 
dummies are not reported. Zone A, B, and C and D refers to the zone Waigaoqiao, Jinqiao, Yangjing, 
and Lujiazui, respectively. Numbers in italics are p-values. 
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Table 4C Value of time savings: Zone A as destination, residual approach 
 Panel 1: 2nd stage Reg. Panel 2: Appreciation 
 βAr βD βB R2 Obs Δ'Ar βAr*Δ'Ar 
(1) All -0.0002 0.0021** 0.0001 78.93% 3146 21.8897 -0.0044 
 0.7849 0.0373 0.8884     
(2) Zone B -0.0009 0.0018*  79.27% 2405 19.5119 -0.0176 
 0.2825 0.0880      
(3) Zone C 0.0012 0.0004 0.0066* 81.72% 741 29.6073 0.0355 
 0.6167 0.9176 0.0135     

Notes. The dependent variable is the natural logarithm of Pn,2/Pn,1, which is the ratio of two transaction 
prices of house n. The two transactions straddle the opening date of Line 6. In specification (1) and (3), 
the independent variables include ΔCD, ΔCB, and ΔCAr; ΔCAr is the residual from a regression of ΔCA on 
ΔCB and ΔCD. In specification (2), the independent variables include ΔCD and ΔCAr; ΔCAr is the residual 
from a regression of ΔCA on ΔCD. Coefficients of time dummies are not reported. Zone A, B, and C and 
D refers to the zone Waigaoqiao, Jinqiao, Yangjing, and Lujiazui, respectively. Numbers in italics are p-
values. 
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Table 5 Commuting flows: Weekday 
  House  
 Zone A Zone B Zone C 
Zone A 1007 1756 260 
Zone B 1319 1027 296 
Zone D 2290 4735 575 
Total 12083 25755 4423 

Notes. The table shows the commuting flows on 13 April 2015, which is an ordinary Monday. The first 
column displays the name of employment centers, i.e. the destination. The first row displays the zone of 
a house, i.e. the starting point. The next three rows shows the number of commutes to the three 
employment centers. For a commute to be counted, we require that it starts from a Line 6 station in Zone 
A, B, or C. However, we do not require that it ends at a Line 6 station. For example, Lujiazui Station (the 
core of Zone D) belongs to Line 2. The last row shows the total number of commutes from a zone. 
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Table 6 Summary statistics of appreciation 
 Median Mean Std p25 p75 

A 0.0795 0.1708 0.3026 0.0213 0.1499 
B 0.0179 0.0115 0.0448 -0.0134 0.0430 
C 0.0935 0.0861 0.0565 0.0613 0.1119 

Notes. We run LWRs for each target house n. The dependent variable is the natural logarithm of Pk,2/Pk,1. 
It is the ratio of two transaction prices of house k, which is in the same zone as house n. For a target 
house in Zone A, the independent variables include ΔCB and ΔCD. For a target house in Zone B, the 
independent variables include ΔCA and ΔCD. For a target house in Zone C, the independent variables 
include ΔCA, ΔCB and ΔCD. Then the appreciation due to time savings is the sum of product of time 
savings and the corresponding coefficients. This table displays the summary statistics of the appreciation 
due to time savings. 
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Table 7 Determinants of appreciation 
Zone c UnitPrc WalkD R2 Obs 

A 0.1486*** -36.9255*** 0.1636*** 37.60% 680 
 0.0002 0.0000 0.0000   
B -0.0050 -1.6862*** 0.0309*** 10.25% 2001 
 0.3774 0.0036 0.0000   
C 0.0910*** -2.0596*** 0.0184*** 4.26% 731 
 0.0000 0.0002 0.0003   

Notes. The dependent variable is the appreciation of house n due to time savings. The appreciation is 
estimated in the same way as in Table 6. On the right side, UnitPrc is the price per square meter (million 
yuan) of a house before the opening of Line 6, which is deflated to the house price level in December 
2006 by CPI of Shanghai. WalkD is the walking distance (km) from house n to the nearest Line 6 station. 
The regression is run separately for houses in Zone A, B, and C. 
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Table 8 Summary statistics of appreciation: Fixed window size 
 Median Mean Std p25 p75 

A 0.0795 0.1708 0.3026 0.0213 0.1499 
B 0.0163 0.0050 0.0805 -0.0482 0.0564 
C 0.0893 0.0826 0.0647 0.0440 0.1206 

Notes. This table is a counterpart of Table 6. In the LWRs, we limit the window size to 500 instead of 
including all houses in the same zone. 
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Table 9 Summary statistics of residential-land sales 
Zone Mean 

Date 
Number 
of Sales 

Floor area 
(m2) 

Number of 
Finished 
projects 

Non-
subsidized 
projects 

Price/m2 

(10,000 
yuan) 

Average 
WalkD 
(km) 

A 2011-11 9 969,286 5 3 1.40 0.74 
B 2012-11 1 30,948 0 1 2.17 0.92 
C 2014-09 1 226,667 0 1 1.84 0.71 

Notes. “Mean Date” is the average transaction dates across land sales. “Number of Sales” is the number 
of land sales. “Floor area” is the planned floor area determined by the government. “Number of finished 
projects” is the number of finished projects on the transacted land till June 2015. “Non-subsidized 
projects” shows the number of projects that are not for relocation uses. We define unit price as land price 
divided by planned floor area, and calculate the “Price/m2” as the simple average of the unit price across 
the land sales. Here we exclude relocation-oriented land. “Average WalkD” is the average walking 
distance to the nearest Line 6 station across the projects on the lands. When calculate this average, we 
exclude a project if it is relocation-oriented or its nearest subway station does not belong to Line 6. 
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Appendix 
 

Table A1 Value of time savings: Zone D as Destination 
 Panel 1: Reg. results Panel 2: Appreciation 
 βD R2 Obs Δ'D βD*Δ'D 
(1) All 0.0031*** 78.21% 4102 12.0943 0.0375 
 0.0000     
(2) Zone A 0.0029** 78.96% 956 16.9184 0.0491 
 0.0183     
(3) Zone B 0.0019* 79.57% 2405 11.9767 0.0228 
 0.0818     
(4) Zone C 0.0062** 80.70% 741 6.2524 0.0388 
 0.0265     

Notes. We run the regression of Table 4A, and denote the squared residual as SqR. Then we regress SqR 
on a constant and the time between two sales (i.e. lag), as shown in regression (4). Finally, we divide 
each observation by the square root of the fitted value from regression (4) and repeat the regression of 
Table 4A. 
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Table A2 Sales of residential lands in YJ, JQ, and WGQ 
No. Zone Land ID Announcement 

date 

Transaction 

date 

Use of land Land 

area (m²) 
Planned floor 

area (m²) 
Plot 

ratio 

Reserve 

price 

Transaction 

price 

Floor area 

price 

1 A 200904503 2009/6/16 2009/7/23 Residential 8,710 13,065 1.5 -- 9,800 0.7501 

2 A 201100601 2011/1/14 2011/2/1 Commercial and 
residential 

13,191 23,744 1.8 18,805 36,810 1.5503 

3 A 201100603 2011/1/14 2011/2/1 Commercial and 
residential 

6,721 12,098 1.8 9,463 18,750 1.5498 

4 A 201101701 2011/2/28 2011/3/21 Relocation-
oriented houses 

78,024 140,443 1.8 18,737 18,737 0.1334 

5 A 201101703 2011/2/28 2011/3/30 Relocation-
oriented houses 

51,462 84,912 1.65 11,269 11,269 0.1327 

6 A 201101704 2011/2/28 2011/3/25 Relocation-
oriented houses 

86,205 142,238 1.65 19,536 19,536 0.1373 

7 A 2012z00601 2012/8/18 2013/9/18 Commercial and 
residential 

75,091 120,146 1.6 -- 212,400 1.7678 

8 A 201315601 2013/8/9 2013/8/29 Relocation-
oriented houses 

120,723 199,192 1.65 69,605 69,605 0.3494 

9 A 201405101 2014/3/11 2014/3/31 Relocation-
oriented houses 

93,379 233,448 2.5 78,228 78,228 0.3351 

10 B 201215401 2012/9/27 2012/11/14 Residential 17,193 30,948 1.8 48,100 67,100 2.1682 

11 C 201411201 2014/8/15 2014/9/19 Commercial, 
residential, and 
administrative 

87,180 226,667 2.6 348,840 417,500 1.8419 

Notes. The table lists all sales of lands with residential uses during December 2007 to June 2015. Announcement date is the date when an auction is announced. With regard to 

“Use of land”, relocation-oriented house refer to the houses provided by the government to residents who lose their original houses for city planning reasons. Plot ratio is floor 

area divided by land area. Reserve price is the government’s reserve price in a land auction. It is in 10 thousand yuan, just as the transaction price. Floor area price is transaction 

price divided by planned floor area. The land 201100601 and 201100603 were purchased by the same developer, who launched a project on the two adjacent pieces of land. 


