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abSTRacT
The costly construction and operation of urban rail transit have become escalating problems for cities 
worldwide, especially in developing countries. Reliable measures of residential property appreciation 
for urban rail transit can provide suggestions for policy-making of value capture to fund transit im-
provements. using gIS techniques and residential property price data, the relationships between acces-
sibility improvement value and residential property appreciation are analysed in Shanghai. The impacts 
of urban rail transit on residential property values are classified into traffic effect and agglomeration 
effect, both of which are measured by the accessibility improvement model. The results indicate that the 
goodness-of-fit of the model is greater than 93%. Traffic benefit is greater than agglomeration benefit 
in the suburb, which is completely different in the city centre. furthermore, the residential property 
appreciation is about 5 times the accessibility improvement value per year. This study contributes to 
the evidence of capitalization impacts of public transit from a booming and transitional economy and 
provides suggestions for land use planning of areas surrounding stations.
Keywords: accessibility, agglomeration benefit, residential property appreciation, traffic benefit, 
transit-oriented development, urban rail transit.

1 INTRODucTION
Traditional funding mechanisms, particularly for urban rail transit investments, have become 
increasingly inadequate, especially in china, a developing country. because of the costly 
construction and operation, chinese State council had issued a notification to suspend all the 
underground rapid transit projects in the mid-1990s. medda [1] presented that land value cap-
ture finance is often seen as an alternative method of revenue generation for urban rail transit 
systems. although quantitative methods have been applied for nearly 20 years in china, the 
appreciation results according to different researchers are quite different, even for the same 
research object. Such differences may be due to the methods introduced from abroad which 
are not suitable for china. for example, the comparison method [2–4] can hardly be a fit in 
china because most cities have diverse land use and high-density land development. These 
land use patterns result in that it is extremely difficult to find a control area which has similar 
characteristics to its paired catchment area. The traffic cost method assumes that the city is 
mono-centric and the factors affecting residential property values are uniformly distributed 
while most chinese cities are typically multi-centric or cluster-developed and have more 
than one central business District (cbD) in a city. The hedonic price model tries to estimate 
the implicit value of the determinant factors on the prices of heterogeneous goods [5, 6] 
by using the residential property transaction data and characteristics description, which are 
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easily obtained in many developed countries but difficult to be obtained currently in china. 
So a new approach to measure the impacts of urban rail transit on residential property values 
should be made. This paper considers the essential impact factors and quantifies them from 
the point of view that the main function of urban rail transit is to improve accessibility. using 
gIS techniques and residential property price data, the relationships between accessibility 
improvement value and residential property appreciation are analysed in Shanghai.

2 acceSSIbIlITy ImPROVemeNT mODel

2.1 Impact factor analysis

The primary function of urban rail transit is to improve travel accessibility around station 
areas. at the same time, it can promote land development, population gathering and job 
growth. although these agglomeration benefits are some kind of economic phenomenon, 
the major reason is the convenient transportation from other origins to the stations by 
urban rail transit, which is called attract accessibility. Therefore, the impacts of urban 
rail transit on residential property values can be divided into two parts. One is travel ben-
efit, called travel accessibility improvement. The other is agglomeration benefit, called 
attract accessibility improvement. however, rail transit may also bring negative impacts 
to property value [1, 7, 8]. Since the negative impacts are factored into the final transac-
tion price, they are ignored in this article. The accessibility improvement model will be 
established as follows.

2.2 modelling

No matter what the purpose of a trip, it will take a certain amount of cost. If the construction 
of a new transport facility reduces the original travel costs, the reduced part can be regarded 
as benefits brought by the new transport facility. Therefore, the accessibility improvement 
provided by urban rail transit is defined as the decrease of travel costs after the operation of 
urban rail transit. Since the most public transit trips within a city rely on bus transit before 
the construction of urban rail transit in china, the travel costs before the operation of urban 
rail transit

 
are supposed to be the travel cost by bus transit. although the bus transit also has 

slight impact on residential property values, it is not discussed in this study. for a generalized 
travel starting from a rail station, the generalized destinations are identified as areas within 
walking distance from other stations in the urban rail transit network of the city [9]. So 
the accessibility improvement is the weighted average of generalized travel cost differences 
between urban rail travels and bus travels starting from a rail station to areas within walking 
distance from other stations.

2.2.1 Travel accessibility improvement
from the residence to the starting rail station, shuttle transportation modes are generally 
required, such as walking, cycling, bus, taxi or private car in china. because of the high cov-
erage density of bus stops, the default shuttle transportation mode of bus is walking. So the 
travel accessibility improvement of a generalized travel from the residence to a generalized 
destination is the sum of the shuttle transportation accessibility improvement and the travel 
accessibility improvement excluding the shuttle transportation.
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first, the shuttle transportation accessibility improvement expression is as follows:

 ∆ ∑γ( ) ( ) ( )= − ⋅
=

C r C r r C r( )i d k rk
k
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1
, (1)

where r is the network distance from the residence to the starting rail station. ( )C rd is 
the generalized shuttle transportation cost from the residence to the starting bus stop.γ ( )rk is 
the sharing rate of the shuttle transportation mode k (k =1, 2, 3… K, and K is the number of 
the shuttle transportation modes). ( )C rrk is the generalized shuttle transportation cost from 
the residence to the starting rail station by mode k. The generalized shuttle transportation 
costs include fares, travel time and private transportation depreciation charges, all of which 
are converted to a unified monetary unit by the time value [9].

Second, the travel accessibility improvement excluding the shuttle transportation is calcu-
lated as follows:
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whereω ij1 is the travel importance weight from the rail station i to j (j = 0, 1, 2, …, J, and 
j ≠ i, J is the number of urban rail transit stations within the city).Cijd is the generalized travel 
cost from the bus stop near the rail station i to the bus stop near the rail station j by bus.Cijr
is the generalized travel cost from the rail station i to j by urban rail transit. Ejm is the number 
of job m in the impact range of the rail station j (m =1, 2, 3, …, M, and M is the number of 
job types).αm is the number of attracting visitors per job m (obtained by survey). E m0 is the 
number of job m in the impact range of the centre station.Ci r0 is the generalized travel cost 
from the rail station i to the centre station. The serial number of the centre station is 0. The 
generalized travel cost includes fares, travel time, transfer time and transfer punishment, all 
of which are converted to a unified monetary unit by the time value [9].

assuming that the urban per capita daily travel frequency is n
iy
 in the impact range of the 

rail station i in year y, the travel accessibility improvement per capita in year y is as follows: 

 
∑

∑

∑
∑

γ

α

α
= − ⋅ +

⋅ ⋅ −

⋅ ⋅
=

=

=

=
≠

A r C r r C r

E

E

C

C
C C

J
n t( ) ( ( ) ( ) ( )

( )

)iy dy ky rky

k

K

my jmy

m

M

my my

m

M
i ry

ijry
ijdy ijry

j
j i

J

y
iy

1

1

0
1

0

0

y

 

, (3)

where the indicators which have the subscript y are the corresponding values in year y; t is 
the service time of urban rail transit.

2.2.2 attract accessibility improvement
The agglomeration benefits around urban rail transit stations are also attributed to convenient 
transportation from other origins to the stations by urban rail transit. Therefore, the attract 
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accessibility improvement is the weighted average of generalized travel cost differences 
between urban rail travels and bus travels from other origin stations to the destination sta-
tion i. assuming that the urban per capita daily travel frequency is n

y
 in the city in year y, the 

attract accessibility improvement per capita in year y is as follows:

 

∑ ∑ω

=

⋅ −

⋅ ⋅ =

⋅ ⋅ ⋅ −

⋅ ⋅
=
≠

=
≠

B

C C

J
n t

E

E

N

N

C

C
C C

J
n t

( ) ( )

iy

ij ijdy ijry

j
j i

J

y
y

iy

y

jy

y

i ry

ijry
ijdy ijry

j
j i

J

y
y

2
0 0 0

0

0

y y

,

  

(4)

where Biy is the attract accessibility improvement per capita in year y. ω ij2 is the travel impor-
tance weight from the rail station j to i (j = 0, 1, 2, …, J, and j ≠ i). Eiy is the number of jobs in 
the impact range of the station i in year y. , N Njy y0 are the resident population in the impact 
range of the rail station j and the centre station. Jy is the number of urban rail transit stations 
within the city in year y.

2.2.3 accessibility improvement model
In summary, the accessibility improvement model is as follows:

 
= +D r A r B( ) ( )iy iy iy .

 
(5)

assuming that the residential area per capita in the impact range of the rail station i is s
iy
 in 

year y, the accessibility improvement by urban rail transit for per square metre of residential 
in the impact range of the rail station i is as follows:
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(6)

3 ReSIDeNTIal PROPeRTy aPPRecIaTION calculaTION meThOD
although the benefits associated near a rail station and other benefits are not easy to distin-
guish, Wu and ye [10] designed a method to separate the benefits of urban rail transit from 
other benefits. The specific process is shown as the following.

The characteristics of residential property are generally divided into physical characteris-
tics, neighbourhood characteristics and location characteristics [7, 8, 11, 12], which are the 
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main factors affecting residential property values. The impact scope of urban rail station on 
residential property value is about 500 to 2000 m radius around a station, depending on the 
location of the station in the city and the size of the urban area. Within the same impact scope, 
most neighbourhood characteristics and location characteristics are generally similar. If the 
physical characteristics are controlled to be the same, the difference between the prices of 
residential property in different places within the same impact scope should only be caused 
by the distance to the nearest rail station. 

Within the impact scope of a rail station, residential districts which have the similar physi-
cal characteristics are chosen as the research sample. a scatterplot about the average price 
per square metre and the distance to the station is drawn. Then a quadratic curve is adopted 
to fit the scatterplot. The inflection point of the price curve is the border of the impact scope, 
where the residential property appreciation is considered to be zero. The residential property 
appreciation at a certain place within the impact scope is calculated as follows: 

 
∆ = −P P Pil il i0, (7)

where ∆Pil is the average appreciation per square metre of the residential district l within 
the impact scope of the station i (l = 1, 2, 3, …, L, and L is the sample set size for the sta-
tion i). Pil is the average price per square metre of the residential district l within the impact 
scope of the station i. Pi0 is the average price per square metre of the residential district on the 
border of the impact scope. If the calculated result is positive, it means the impact of urban 
rail transit on residential property value is positive; otherwise, the impact is negative. 

4 STuDy aRea aND DaTa
The study area is the city of Shanghai, located in the yangtze River Delta in east china. 
Shanghai is one of the global financial centres, with a population of more than 25 million 
as of 2014. as of the end of June 2014, 14 rail transit lines have been operated in Shang-
hai (excluding the maglev line). Shanghai metro line 11 crosses from the cbD to the 

figure 1: Shanghai metro line 11.
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north-western outskirts of Shanghai. To ensure that the impact scopes of adjacent stations do 
not overlap and the residential property price data within the impact scope is rich and evenly 
distributed, 16 newly built stations of line 11 between 2009 and 2013 are taken into consid-
eration as a case study (see fig. 1).

Data for this study are gathered from various sources and all of them are from 2014 to main-
tain consistency. The accessibility improvement data include information of rail travel, bus 
travel, population and employment. Rail travel information comes from the Shanghai metro 
official web site; bus travel information comes from the Shanghai gIS map with the city’s bus 
transit network loaded; population and employment information come from Shanghai Statisti-
cal yearbook and field survey. The residential price data come from various online real estate 
platforms and include information of average price per square metre and network distance to the 
nearest station for 2,236 residential districts which have similar main physical characteristics. 

The parameters that cannot be obtained by actual survey will be referred to previous 
research literature and reports. The waiting time is set as half of the departure interval in the 
peak period; the time value is set as 20 yuan per hour referring to the income level per capita 
in Shanghai (Shanghai Statistical yearbook, 2013); the daily travel frequency per capita is 
set as 2 referring to the report on the fourth comprehensive traffic survey in Shanghai (2010); 
the residential area per capita is set as 30 m2 referring to Statistical bulletin of urban hous-
ing Overview (2003) and Shanghai Statistical yearbook (2013); the penalty coefficient of the 
shuttle transportation time, waiting time and transfer time is set as 1.5 compared to the time 
on the subway or in the bus. 

5 ReSulTS aND DIScuSSION
by eqns (3–7), the travel accessibility improvement average per square metre Ai , the attract 
accessibility improvement average per square metre Bi and the residential property average 

appreciation per square metre ∆Pi within the impact scope of each station could be calculated. 
The results and analysis are shown in Table 1. T

i
 is the travel time by urban rail transit from 

the station i to the city centre station.Di is the sum of Ai and Bi ;Hi is the ratio of Ai and Bi .
It can be seen from Table 1 that both of the residential property average appreciations 

and the accessibility improvement average values show the trend that they are larger in the 
suburb but smaller in the city centre in Shanghai. The relationship between the travel acces-
sibility improvement and the attract accessibility improvement will be discussed, as well as 
the relationship between the accessibility improvement and the residential property average 
appreciation. 

5.1 Relationship between travel accessibility improvement and attract accessibility 
improvement

It can be seen from Table 1 that H
i
 increases significantly with the increase of travel time 

to the city centre station (see fig. 2). In the station areas away from the city centre (anting, 
North Jiading, Jiading Xincheng, Nanxiang, Taopu Xincun, Sanlin, east Sanlin, Pusan Rd. 
and luoshan Rd.), the ratio is 1.5–2, suggesting that the travel benefit is 1.5–2 times the 
agglomeration benefit. In the station areas close to the city centre (liziyuan, Zhenru, caoy-
ang Rd., Jiangsu Rd., Xujiahui, longhua and longyao Rd.), the ratio is less than 1, suggest-
ing that the travel benefit is less than the agglomeration benefit.

The quality of public transportation in the suburb is generally worse than that in the city centre 
in chinese cities. after the construction of the urban rail line, the transportation around the subur-
ban station is improved significantly. So the travel benefit is more than the agglomeration benefit 
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Table 1: Results and analysis of the accessibility improvement and the residential property 
average appreciation.

Station name T
i
 (min) Ai  

(yuan m−2)

Bi  
(yuan m−2)

∆Pi  
/(yuan m−2)

Di  
(yuan m−2)

Hi

anting 65 334.3 175.7 2417.9 510.0 1.902
North Jiading 60 336.9 172.2 2395.7 509.1 1.956
Jiading 
Xincheng

50 368.0 189.8 2827.0 557.8 1.939

Nanxiang 41 233.9 124.6 2087.3 358.5 1.877
Taopu Xincun 37 182.8 101.2 1314.2 284.0 1.805
liziyuan 29 153.4 172.0 1928.0 325.4 0.892
Zhenru 24 120.5 140.6 1369.6 261.1 0.857
caoyang Rd. 19 141.2 224.5 1820.6 365.7 0.629
Jiangsu Rd.  8  56.2  91.9 1102.9 148.1 0.611
Xujiahui 12  91.7 147.1 1232.1 238.8 0.623
longhua 24 128.3 147.6 1555.3 275.9 0.869
longyao Rd. 26 207.7 223.4 2063.4 431.1 0.930
Sanlin 28 247.3 164.9 2286.3 412.2 1.5
east Sanlin 30 252.0 168.0 2092.3 420.0 1.5
Pusan Rd. 32 251.5 167.7 2188.4 419.2 1.5
luoshan Rd. 40 414.1 276.1 3773.0 690.2 1.5

figure 2: Relationship between H
i 
and the travel time to the city centre station.
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in the suburban station areas. On the other hand, the introduction of the urban rail line attracts 
more travellers over a long distance to the station areas close to the city centre on employment 
and consumption. So the agglomeration benefit is more than the travel benefit in the urban station 
areas. That is the reason why the relationship between the travel benefit and the agglomeration 
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benefit in the suburban station area and in the urban station area is distinct. further explanations to 
this phenomenon will be made by analysing representative stations as below. 

5.1.1 luoshan Rd. station
luoshan Rd. station is in the suburban area of Shanghai, and the linear distance to the city 
centre is about 15 km. before the opening of the rail station, public transportation was very 
poor (see fig. 3).

after the opening of luoshan Rd. station, public transportation is improved significantly. 
There are 9 bus stops in the range of 500 m around luoshan Rd. station, which is convenient 
for travellers to transfer from bus to subway (see fig. 4). 

(a) Bus stop not in use around the station. (b) Land use around the station.

figure 3: Public transportation and land use before the opening of luoshan Rd. station.
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figure 4: bus stops in the range of 500 m around luoshan Rd. rail station.
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fiugre 5: Xujiahui core area development after the opening of rail lines [13].

(a) Xujiahui core area in the 1980s. (b) Xujiahui core area in 21st century.

figure 6: 500 m walking distance around Xujiahui station.
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5.1.2 Xujiahui station
Xujiahui station is a three-line transfer station of line 1, line 9 and line 11, located in the Shang-
hai core area. Xujiahui is one of the four commercial circles in Shanghai. agglomeration benefits 
are strengthened significantly due to the opening of rail lines, which can be seen in fig. 5.
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line 1 and line 9 were opened in 1993 and 2007, respectively. line 11 was opened in 2009 
and brought convenience for travellers from Jiading district to the city core area. The opening 
of line 11 also expanded the scope of the 500 m walking distance around Xujiahui station, 
as the shaded part shows in fig. 6. 

Through the analysis given earlier, the traffic benefit is greater than the agglomeration 
benefit in suburban area, which is completely different in the city centre. Therefore, the sub-
urban station should be considered to strengthen the traffic function and improve the shuttle 
transportation while the urban station should be considered to connect with the surrounding 
commercial building and provide convenience for travellers when planning urban rail transit 
stations. 

5.2 Relationship between accessibility improvement and residential property appreciation

The accessibility improvement average value is significantly associated with the residential 
property average appreciation (see fig. 7).

The fitting function coefficient is 4.77, close to 5, suggesting that the residential property 
appreciation is about 5 times the accessibility improvement value per year. The goodness-of-
fit of the model is greater than 0.93. In theory, the fitting line should be through the origin of 
coordinates. In fact, the intercept is 176.63 in this case study because of bias. but compared 
to the appreciations level, the intercept is close to zero. 

6 cONcluSIONS
The introduction of urban rail transit benefits to the accessibility and land development of the 
city. One of the most significant benefits is the impact on property values. a new approach 
which researches the impacts of urban rail transit on residential property values has been 
proposed here. The impacts of urban rail transit on residential property values have been clas-
sified into traffic effects and agglomeration effects, which are measured by the travel acces-
sibility improvement and the attract accessibility improvement, respectively. a case on 16 
stations of Shanghai metro line 11 has been studied to verify the accessibility improvement 
model, whose goodness-of-fit is greater than 93%. both of the residential property average 
appreciation and the accessibility improvement average value show the trend that they are 
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larger in the suburb but smaller in the city centre. Traffic benefit is greater than agglomeration 
benefit in the suburb, which is completely different in the city centre. furthermore, the resi-
dential property appreciation is about 5 times the accessibility improvement value per year.

It should be noted that the research findings are subject to the specific selected data samples 
and only reflect the case of Shanghai metro in the given period of examination. future studies 
will consider a more detailed and generalized analysis of such phenomenon for other cities in 
developing countries like china, as property value impacts of urban rail transit consist of the 
basis for value capture, providing finance in the development of new rail lines. 
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