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Abstract:

A hedonic pricing model is estimated to analyseitigact of railways on house prices in terms ofatise
to railway station, frequency of railway servicawaistance to the railway line. Correcting for alevrange of
other determinants of house prices we find thatlidvgs very close to a station are on average aB6&6 more
expensive than dwellings at a distance of 15 kilmeseor more. A doubling of frequency leads to raréase of
house values of about 2.5%, ranging from 3.5% @arsks close to the station to 1.3% for housesway aFinally
we find a negative effect of distance to railwgysbably due to noise effects. Two railway statieferences were
used in the analysis: the nearest and most frelyuembsen station in the post code area. Thisrdittin indicates
that railway station accessibility is a more comptencept than one might think. It involves comieti between
railway stations.

Key words:property value, railway station, accessibilitygdbric pricing method.



1 INTRODUCTION

Hedonic pricing methods explain the value of rehte in terms of the features of the property.
This approach treats a certain property as a coitepokcharacteristics to which value can be
attached. The sum of the value of the individuahrahteristics makes up the value of the
property as a whole. Studies on real estate pgeasrally categorise the value bearing features
of properties into three types namely: physicakeasibly and environmental (Fujita 1989;
Bowes and lhlanfeldt 2001). Several studies hawn lm®nducted focusing on different features
of interest. Accessibility as provided by differemodes of transportation and railways in
particular also received attention. In order taygrout the effect of railway stations on property
values, it is suggested in the literature thaimtatshould be seen as nodes in a transport network
and places in an area (Bertolini and Spit 1998)xeBaon this framework, recent empirical
studies treat the node feature and the place fteatfira station separately. The former
characteristic accounts for the accessibility gffadich is generally positive. The latter feature
accounts for externalities of the station and cavehboth positive and negative effects. Bowes
and lhlanfeldt (2001) pointed at the retail empleymand crime that stations attract in addition
to the accessibility feature of a station. By imtthg the three categories of property features
mentioned above this paper examines the effedibfay stations on Dutch house prices. There
are three types of rail service in the Netherlatigéit rail services (trams), heavy rail services
(metro lines) and commuter rail services. The sew/of the first two are limited within the main
cities. However, the third type serves the wholeinto. This paper assesses the effect of
accessibility provided by these commuter railwaatishs on the prices of these houses. As a
main accessibility competitor to railways, highwacessibility is represented in our analysis by

means of distance to points of highway entry antsex

The accessibility and nuisance effects of a railstgion are functions of distance between the
station and the house under consideration. As i§tartte increases, the impact of both features
on the house price declines. The level of accddgilait a railway station is measured by the
guality of the railway network: the number of deations that can be reached from the station,
the frequency of services at the station, and atbparture station related facilities. Stationwit
higher network quality (i.e. a larger number of tdegions and a higher frequency of trains)

have a higher accessibility index, and are expectdéve a relatively high positive effect on the



house prices. Railway stations at the same tim@sapocalised negative environmental effects
on house prices due to noise nuisance. An impodiierence between the two effects is that
the accessibility effects are concentrated arouwtks (railway stations) whereas the negative
noise effects take place everywhere along the agilime.

In this paper we determine the impact of the thmakvay features namely: railway station
proximity and rail service levels and proximityrilway line on prices of residential properties.
The data for the analysis in this paper includesstiles and prices of residential properties in the
Netherlands. Due to the transportation cost anc tsavings made possible, households are
expected to be willing to pay higher prices toryiclose to the station compared with other
locations. This is because the commuting (time}scase relatively low when one lives near a
station. Furthermore, leisure activities that imeotail transport are more accessible. This paper
only covers the sales of residential propertiesa follow up paper we intend to cover the effect

of railway station on commercial property values.

2. LITERATURE REVIEW

Most land value theories have their root in the kmok Von Thinen (Von Thinen 1830), who
tried to explain variations in farmland values. Aating to Von Thinen, accessibility to the
market place explains the value difference of famdk for agricultural lands having similar
fertility. In subsequent studies, economists likerso and Muth refined this line of reasoning
into a bid-rent analysis (Alonso 1964; Mute 196R)e basic idea behind the bid-rent model is
that every agent is prepared to pay a certain atmfumoney, depending on the location of the
land. This leads to a rent gradient that declingb distance from the central business district
(CBD) for sites that yield equal utility. Thus fer the analyses, the dominant factor explaining
the difference between land (property) values \kasaccessibility as measured by the distance
to the Central Business District (CBD) and the asded transportation costs. The physical

characteristics of the land (fertility in the cagelrhiinen) were assumed given.

Thus the basic theory on real estate prices cgsubérward as follows: as a location becomes
more attractive, due to certain characteristicsnated increases and thus the bidding process



pushes prices up. In most cases CBDs are the saftreany activities. Therefore, proximity to
the CBD is considered as an attractive quality timmreases property prices. However,
investments in transport infrastructure reduce ttesnand friction around the CBD to some
degree (Fejarang 1994) by attracting householdettte around the stations. Properties close to
the investment area (railway stations) enjoy bésdfom transportation time and cost saving as
a result of the investment. It may be expecteddhatice curve will have a negative slope; when

we move away from the station, prices decrease.

The introduction of the hedonic pricing methodoldgy Rosen (1974) led to an easier way of
attributing value to the properties’ features. Hfere, in subsequent studies we observe the
integration of physical, accessibility and envir@mtal characteristics of the property in models
trying to explain the differences in property vaudéccessibility remains an important feature
for urban properties. However, earlier attemptadoount for it by using transportation cost have
been narrow. Attempts have been made to introduteoader concept of accessibility by
including all features that contribute to the painof opportunities of a location for economic
and social interactions (Hansen 1959; Martellatal.e199§. Though a comprehensive definition
of the concept is available, the lack of data gogt@priate measuring techniques usually implies
that simple measures are used. Thus, in the lilerave see a focus on a limited number of
factors only, especially a CBD oriented interactielated to employment and shopping. In most

property value studies, the other trip purposesrassing from the model.

The main focus of this paper is the analysis ofithact of railway accessibility on residential
house prices. However, as Voith (1993) pointed dighway accessibility is an important
competitor to rail accessibility. ‘The presenceotiier facilities that increase accessibility like
highways, sewer services and other facilities grilce the impact area in the same fashion.” The
benefits of these facilities and services are asgmtalised into urban property values (Damm et
al. 1980). Thus, to single out the effect of rajvecessibility, competing modes of accessibility

need to be included along with it.

The motivations for the studies on the impact divay accessibility are diverse. The larger part
of the literature on railways focuses on it asasiiele solution to the rising congestion posed by

automobile traffic and urban sprawl. Railway invesht is expected to support a more compact



urban structure and therefore it serves the urlt@mmg purpose (Goldberg 1981). Apart from
reasons of showing that railway investments dolresiwcompact urbanisation, most studies in
the area were conducted to provide evidence fomtiplementation of value capture schemes for
financing rail investments (Cervero and Susanto®®) This was based on the assertion that
the value of proximity to accessibility points iapitalised on the value of properties around

these stations.

In general, the empirical studies conducted in #rea are diverse in methodology and focus.
Although the functional forms can differ from stutly study, the most common methodology
encountered in the literature is hedonic pricirldowever, no consistent relationship between
proximity to railway stations and property valussrécorded. Furthermore, the magnitudes of
these effects can be minor or major. One of théesarstudies, Dewees (1976) analysed the
relationship between travel costs by railway arsidential property values. Dewees found that a
subway station increases the site rent perpenditmlthe facility within a one-third mile to the
station. Similar findings confirmed that the distanof a lot from the nearest station has a
statistically significant effect on the propertylva of the landDamm et al. 1980). Consistent
with these conclusions, Grass (1992) later fouddext relationship between the distance of the
newly opened metro and residential property val@sne of the extensively studied metro
stations in the U.S., though ranging from smalintodest impact, show that properties close to
the station have a higher value than propertighdaraway (Giuliano 1986; Bajic 1983; Voith
1991). However, there are studies which have atamd insignificant effects (Lee 1973;
Gatzlaff and Smith 1993). On the other hand, coptta the general assumption, Dornbusch
(1975) and Landis et al. (1995) traced a negafifeeteof station proximity. Evidence from other
studies indicates little impact in the absenceawbtirable factors (Gordon and Richardson 1989;
Giuliano 1986). For a detailed documentation of fihdings, we refer to (Vessali 1996; Smith
and Huang 1995; NEORail 2001;NICS 2002). In gena@ine studies indicate a decline in the
historical impact of railway stations on properglues. This was attributed to improvements in
accessibility, advances in telecommunications, agemmetworks, and other areas of technology
that were said to make companies “footloose” inrtlhacation choices (Gatzlaff and Smith
1993).



The impact of railway stations on property valuesies due to several factors. First, railway
stations differ from each other in terms of theelewf service provided explained terms of
frequency of service, network connectivity, servao@erage etc. The meta analysis in Debrezion
et al. (2006) shows that different types of railwstgtions have different levels of impact on
property value. Commuter railways have a relativeh impact on property value (Debrezion
et al. 2006; Cervero and Duncan 2001; NEORail 2@drvero 1984). Railway stations also
differ in the level and quality of facilities. Siams with higher level and quality of facilitiesear
expected to have greater impact on the surroungiogerties. The presence and number of
parking lots is one of the many station facilitteat got attention in the literature. Bowes and
Ihlanfeldt (2001) found that stations with parkifagilities have a higher positive impact on
property values. In addition, the impact a railveagtion produces depends on its proximity to
the CBD. Stations which lie close to the CBD praglacgreater positive impact on the property
value (Bowes and Ihlanfeldt 2001). In another sfu@gtzlaff and Smith (1993) claim that the

variation in the findings of the empirical worka#tributed to local factors in each city.

Second, railway stations affect residential and mential properties differently. Most studies

have treated the effect of railway stations ondifierent property types separately. The range of
the impact area of railway stations is larger fesidential properties, whereas the impact of a
railway station on commercial properties is limitedimmediately adjacent areas. Generally, it
has been shown that the impact of railway statmmsommercial properties is greater than the
impact on residential properties within short dist of the stations (Cervero and Duncan 2001,
Weinstein and Clower 1999). This finding is in lnéh the assertion that railway stations - as
focal, gathering points - attract commercial atiéég, which increase commercial property

values. However, contrary to this assertion, Lardial. (1995) determined a negative effect on

commercial property values.

Third, the impact of railway stations on propergiue is subject to demographic segmentation
of neighbourhoods. Income and social (racial) divis are common. Proximity to a railway
station is of higher value to low-income residentmeighbourhoods than to high-income
residential neighbourhoods (Nelson 1998; Bowes latahfeldt 2001). The reason is that low-
income residents tend to rely on public transit ings attach higher value to living close to the

station. Because of the fact that this group ofppemostly depend on slow modes (walking and



bicycle) to access the stations, railway statiga@aht locations are expected to constitute poor
segments. On the other hand, the high populatiorement in the immediate location gives rise
to the development of retail activities which ewglly capitalize on commercial properties, but
it may at the same time attract criminality (Bowae=l lhlanfeldt 2001). Bowes and lhlanfeldt
outlined that a significant relation was observetideen stations and crime rates. However, no
proximity variable shows a significant effect otiaieemployment. In this model, the immediate
neighbourhood is affected by the negative impacthef station. Thus the most immediate
properties (within a quarter of a mile of the siajiwere found to have an 18.7% lower value.
Properties that are situated between one and thiles from the station, however, are more

valuable than those further away.

3. DATA AND DESCRIPTIVES
(A) HOUSE CHARACTERISTICS

The data used in the analysis of this paper cosalss transactions of the Dutch residential
housing market for a period of seventeen years fi®@85 to 2001. These transactions are
recorded by the Dutch Brokers Association (NVM)eTduata incorporate information related to

price of the dwellings, characteristics of the dings and some environmental features. To
further enrich the data set, each of the houses$ isobeo-coded separately to enable us to
compute the distances to the railway stations agbway entry/exit points. Some houses are
geo-coded at the precise house address level andesh are geo-coded at the six digit (e.g.
1234XX) post code level, which is an area compgsaip to about 50 houses. Apart from the

house characteristics, a number of accessibility r@gighbourhood features are used. The land
use data were acquired from the central officetatistics for the Netherlands (the CBS). These
data are available at the four-digit postal codeelleMoreover, population related data are

available at this level of aggregation. Income Ise\# the population in the post code area, the
density and population composition in particulag ghare of foreigners in the area, are used in

our analysis.



The accessibility data relate to two transport nsodailway and highway. The locations of all
railway stations and highway entry/exit points atentified. The distance from the houses to
these points was determined by GIS methods. Thantdis to the nearest highway entry/ exit
points is expected to account for the car basedsaduility. This paper uses two references for a
railway station: the nearest railway station anel thost frequently chosen railway station. The
nearest station is easily determined using GIS austhThe identification of the most frequently
chosen station was based on the survey study @ukeh National Railway Company (NS). Itis
given at the 4-digit post code area level.

Tables:

Table 1: Descriptive statistics of house charasties
Minimum Maximum Mean  Std.

Deviation
Dependent variable
Transaction price in Euros 9076 5,558,80983,187 95,678
Independent variables
1. House features
Surface area in sq. meters 11 99,998 443 1890
Building age in years 0 996 38 40
Total number of rooms 1 39 4.47 1.34
Number of bathrooms 0 4 0.87 0.58
Dummy variables
Monument 0.009
Gas heater 0.136
Open fireplace 0.186
Garage 0.335
Garden 0.783
2. accessibility features
Distance to nearest railway station (m) 3 28,49 3,486 3441
Distance to most frequently chosen railwayictatm) 10 35,643 4,245 5064
Frequency (trains/day at the most frequentlysein 18 788 268 217
station)
Frequency (at the nearest station) 18 788 169 51 1
Distance to highway entry/exit (m) 0 39,541 789 4711

3. environmental
Household income in Euros (4 digit postcodelev
Population composition (percentage of foreigher

3136 26200 11480 1805
0.010 .890 .642 0.918




In Table 1 above some descriptive statistics ornthihee categories of factors affecting property
values are given. For the physical features ohthgses we use a large number of relevant items.
Examples are surface area of the house (that iesltite built up and non-built up part of the
property), age of the house, the number of roondsramber of bathrooms; all these variables
are continuous. The rest of the physical charaties, such as monumental status of the
dwelling, the availability of gas heater, the prese of open fire place, the presence of garden
and garage are indicated by dummy variables. Thenmalues for some of these features are
given in Table 1. The descriptive statistics arselohon 663,024 houses sold in the time period
considered. The features in the accessibility catemclude distance to the railway station, the
frequency of trains and the distance to the ned&igbivay entry/exit point (both with respect to
the most frequently chosen station for residenth@post code area and the nearest station to
the house). The analysis also includes the perpeladidistance to railway lines in an effort to

capture the noise effect of railways.

200

o

(S

(=]
1

Mean price (000’ Euros)
=
S

(S
(=]
1

1985 1990 1995 2000
Year

Figure 1: Mean price of houses by year

The distance to the most frequently chosen stasiam average about 1 kilometre longer than
the average distance to the nearest railway staifibe average frequency of trains at the most
frequently chosen station is more than 100 tragrsday over the average frequency of trains at



the nearest railway station. This gives and indbcabf the trade-off travellers make between

proximity of stations and the level of service thadfer. Figure 1 shows the average transaction
price in each year. This increase can be attribtdtesbmbined effect of inflation and real value

increase.

(B) RAILWAY STATION CHARACTERISTICS

The data of particular interest in this study consethe railway accessibility and associated
noise or congestion. Railway accessibility can kplaned by two features: the proximity
feature and service level features. The firstuieats more or less captured by the distance
measure whereas various features can contributbetcservice level. Examples include the
number of trains leaving the station per time uantg network connectivity as measured by the
number of destinations served by the station. Iditexh, it may also include facilities that
supplement railway transport. For example the albdity of parking space, the park and ride
status of the station and the availability of bieysafes can be mentioned. The overall Dutch
railway network is composed of about 360 stati@hs. data allows us to use the most frequently

chosen departure station for households aggregatbe 4-digit post code level.

Table 2: Descriptive statistics for the railwaytsta characteristics
No. stationdinimum Maximum Mean Std. Deviation

Rail service

Frequency of trains per day 18 788 113 103
Destinations reached without a transfer 1 114 16 4 1
Destination reached with one transfer 8 246 87 53

Travel demand

Total Passenger turnout per day 46 145,700 5,600L3,770
Station type

Inter-city stations 64 0.18
Station Facilities (dummy variables)

Train taxi 109 0.30
Bicycle stand 96 0.27
Bicycle safe 264 0.74
Bicycle rent 114 0.31
Park and Ride 49 0.14
Parking 326 0.91
Taxi 163 0.45
Car rent 1 0.00
Luggage deposit 64 0.18
International connection 22 0.06
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4. METHODOLOGY

The hedonic pricing methodology is found to be @ff@ in singling out the effect of one
characteristic from a number of characteristics pasimg a property (Rosen 1974). This paper
uses this approach to determine the effect ofttheetcategories of house features in general and
railway accessibility in particular. A semi logémhic specification is adapted. Thus, the
dependent variable in our analysis is the natagddithm of the transaction price of residential
houses. A wide range of independent variablesataexpected to explain the house prices are
included. These include the physical charactessticthe houses, environmental amenities and
the accessibility variables that correspond tohthxeses under study. Due to the fact that the data
set covers a relatively long period, and houseepritave increased continuously during the last
decade temporal effects are also expected to plajean explaining the variation in the sales
price of houses. Thus, we include sales year dumtaecapture the temporal effects. These
account for the inflation, real value changes ath@wotemporal effects across the time period. To
account for the spatial effect regional dummiesiactided at the municipality level. The main
focus of the analysis here is the effect of railveagtion proximity and service quality of the
stations. We also include the effect of proximity ighway entry/exit points to account for

competition by the car.
MODEL SPECIFICATION

Even though the data include a longer period, wedcnot organise our data in a panel structure
because there were not many repeated sales ovamiaeTherefore, our data is organised in a
cross-sectional pattern. The semi logarithmic hedspecification is widely used in the property

value literature. Its use is motivated by the fécigives robust estimates and it enables

convenient coefficient interpretation. The genstalcture of the model we adopt here is:
Ln(P)=B, +B, X,, +B, X, +..+ B, X,, +¢, 1)

P is the price house, X, ... X,, are vectors of explanatory variables for the patéousei .

The dependent variable is given in the natural ddgaic form; thus the values of the
coefficients represent percentage change. Thefgaicins used in the estimations are given by

equations 2 and 3. Distances from the houses lteaistation and line and highway entry /exit
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points are distinguished according to several dcsacategories. The first model includes the
distance and frequency effect (station quality)asafely. The second model includes the
interaction between distance and frequency. In Isp#cifications proximity to railway station

and railway line are treated in piecewise fashkmequency of trains at the reference station is

given in continuous form. The models have the foitg form:

In(tranPrice) = a + p', . xHouseChr+ ', xDistcategail, + ., xIn(FreqT)
xDrailling; + #'\.gxNeighb (2)
+ B regonXDregional + ', xDtime +e¢,

+ f'w*Distcategway, + f'

railline

In(tranPrice) = a + ', XHouseChr+ f' ., %Distcategail; U In(FreqT)
+ p',¥Distcateghvay, + f' .. XDrailline; + '\, <Neighb (3)
+ IB'RegionxDregiona’ + ﬁltimethimq + gi

Where tranPrice represents the transaction price of hausdouseChr is a vector of house
characteristics for house which includes variables for type of house, stefarea, total number
of rooms, number of bathrooms, presence of garadegarden for the house, presence of gas
heater and fire place, monument, age of the bwldibistcategril, is a vector of dummy
variables representing the distance category attwhousei is located from a station. To see
the smoothness of the effect we use a 500 metege reategories except in the two inner circle
categories of the station, which are 250 meterk.eHtus we have 31 categories of distances up
to 15,000 meter. Areas beyond this limit are takem reference group in the estimatiéreqT,

is the frequency of trains at the station to whtioé distance is computed and is given in trains
per day. In our analysis we make two station carsiibns: the nearest vs the most frequently
chosen station in the post-code aréais the Kronecker product to indicate the crossipotion

of distance classes and frequency of trains atdfezence stationDistcateghvay; is a vector of
dummies representing the distance category at waicighway entry/exit point is located from
the house. In the same fashion as the railway rdistaategories, we also have 31 distance
categories for these variableBrailline; is a vector of two dummy variables representing at

which distance category the house is locating ftbenrailway line. This is expected to account
for the noise effect of trains. The railway noiseekpected to have localized effect and thus we

12



compare the effect of noise on two nearby distaagainst rest.Neighh is a vector of

neighborhood characteristics including incomejoraf foreigners and rate of land use types. It

is given at the four-digit post code lev@regional is a vector of dummy variables representing
to which municipality the house belong®time is a vector of time dummy variables

representing the year when the transaction toatepla is the error term.

The accessibility related variables included aee distances to the railway stations, the
frequency of trains at the stations and highwayyéngxit points. The structural features
considered are the type of the houses, surfacectba houses, total number of rooms, number
of bathrooms, presence of garage, garden, gasrhaalefire place, monumental status of the
houses, and age of the houses. Variables includddrihe environmental features are average
household income, ratio of foreigners, and rate lase types at the post code level and regional
municipality dummy variables. The distance to th#way line is another variable that can be
considered under the environmental variables. Ydeanmies are also used to account for the
temporal effect. All in all the total number of éapatory variables in the hedonic pricing models
is 344. Of these 34 relate to house characterj2&$0 neighbourhood features, 16 to time series
dummies and 203 to municipality dummies. The reingit63 variables represent railway and
highway accessibility. In the presentation of eations below we focus on the impact of the
accessibility variables. The municipality dummiesncbe considered to represent the many
municipality specific factors that may affect housdues. Thus, the effects we find for the
railway station proximity have been corrected farmieipality specific impacts.

Generally, the price of houses is expected toassene comes close to the railway station
and/or highway entry/exit points. At the same titte, influence of a station to the house prices
is expected to increase with the increase in thacgelevel provided by the station as given by
frequency of trains and the number of destinatainsctly served by the station. However, the
latter two variables are highly correlated, thus mrefer to include one of the two in our
estimation. We find the frequency variable morérnglsince it addresses scheduling and waiting
time aspects, an important dimension of generalaeds. In addition, frequency is related to
reliability since delays are less disturbing in tiase of high frequency.

13



5. ESTIMATION RESULTSAND DISCUSSIONS

Table 3 gives four estimation results based on g2 and 3. To save space we only report
the coefficients of the factors that relate toway aspects. The complete estimation results are
available upon request from the authors. The fiivstestimations correspond to the simple linear
effect of piecewise distances and frequency omsraffect treated separately as given by
Equation 2. The last two estimations are basedhenmodel given by Equation 3. The cross
distance-frequency estimation gives the effectrefdiency of trains on house prices for each of
the distance classes. The semi-log nature of thelemmakes the interpretation of the
coefficients easier. Each coefficient for the dis&categories in the first two estimations shows
the percentage effect on house prices of distancthe station compared to houses located
beyond 15 kilometres. Thus, we observe a differeagceig as 32% in house prices for houses
within 500m of the nearest station and houses lkyidn kilometres from the stations. This
difference gets smaller in the case of the mogjuieatly chosen station effect (about 27%),
where we encounter the peak house price to be bat&B0 and 500 metres. The trend of the
effect sizes for this specification is given in &g 2. This figure shows irregularity in the
distance category of 7.5 to 8 kilometers. Thisue tb the small number of observations in this
category. Such irregularities are inevitable wherals distance classes are used. The difference
between the distance effect of the nearest and frempiently chosen station is remarkable. The
advantage of being close to the station is noasgel in the case of the most frequently chosen
station compared with the nearest station. Theore&sthat the most frequently chosen station
apparently has extra qualities that make it momactive than the nearest station. Hence, one
may expect that distance to the station mattessiteshe price effect on real estate. The mirror
image is that the quality of the station, as réldcamong others by the frequency, has a larger
effect. This explains why the frequency elastigityTable 3 is so high for the most frequently
chosen station compared with the nearest stati@9 (@rsus 0.03). A doubling of frequency of
trains at the most frequently chosen station hash®¥se price increase in the post code area
compared to 3% for the case of the nearest raiktatyon (see the first 2 columns of Table 3).
Finally, we find clear negative effects of railwagise on house values: houses located in the
zone within 250 meters from a railway line are dlist less expensive than houses located 500

meters or more. For the zone between 250-500 mietermediate values are found.
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However, the measure of frequency of trains’ effgistussed above is crude since it is not
distance dependent. The point is that for dwellinpse to a station a frequency increase is
probably of more importance than for dwellings &vay. The last two columns of Table 3
provide the estimation of the cross distance-fraquesffect. Doubling the frequency of trains in
the nearest station results in as much as 3.5% pracease for houses located up to 2 kilometres
compared to the effect on dwellings located beybhdkilometres. Doubling the frequency of
the most frequently chosen station on the othed masults in about 3.0% price increase for the
same distance section. The pattern in the elassicif frequency for the different distance
categories is depicted graphically in Figure 3. Sehestimations demonstrate that the value of
property may depend on the proximity to more thae railway station. We will not investigate
this issue in more detail here, but this is anaation that railway station accessibility is a more
complex concept than one might think: it involvesnpetition between railway stations.

Furthermore, the percentage effect of differenelewf frequency is given in Table 4 below.
The table shows -not surprisingly- that the effgfctailway proximity is largest in the case of a
station with a high level of service. Note that Iswc differentiated effect is not present in the
specification given by Equation 2. However, thegfrency impact is smaller than one might
expect. The price curves are clearly steeper argtattbns with higher frequencies. Further, we
find that even for stations with a small numbetrains a substantial effect of railway presence is
found. Note that this estimation is based on aifipatton where corrections were carried out for
a large number of other variables. In particuladuenmy has been added for each municipality
so that it has been assured that the results fdambt capture the effects of other variables such

as population density or other municipality speciéictors.
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Table 3: Estimation of Railway station effects oause values: piecewise distance effect

(N.B. Only railway related parameters are preseited

Variable Cross distance-frequency of trains effect
Nearest Station Most frequently Nearest Station Most frequently
chosen station chosen Station
Coefficient S.E. Coefficient S.E. Coefficient S.E. Coefficient S.E.
(Constant) 8.966°  0.009 8.775 0.009 9.189"  0.008 9.232"  0.008
raildist250 0.323"  0.006 0.271"  0.004 0.050"  0.001 0.043"  0.001
raildist250_500 0.3217  0.005 0.274"  0.003 0.050"  0.001 0.044”  0.001
raildist500_1000 0.3157  0.005 0.260°  0.003 0.049"  0.001 0.043"  0.001
raildist1000_1500 0.308"  0.005 0.246°  0.003 0.048"  0.001 0.042"  0.001
raildist1500_2000 0.316°  0.005 0.245"  0.003 0.049"  0.001 0.043"  0.001
raildist2000_2500 0.296°  0.005 0.232"  0.003 0.045"  0.001 0.041"  0.001
raildist2500_3000 0.2877  0.005 0.203"  0.003 0.042"  0.001 0.0367  0.001
raildist3000_3500 0.2777  0.005 0.203"  0.003 0.041"  0.001 0.038"  0.001
raildist3500_4000 0.299"  0.005 0.201"  0.003 0.046°  0.001 0.038"  0.001
raildist4000_4500 0.284"  0.005 0.181°  0.003 0.042"  0.001 0.0357  0.001
raildist4500_5000 0.2527  0.005 0.160°  0.003 0.037"  0.001 0.033"  0.001
raildist5000_5500 0.238"  0.005 0.153"  0.003 0.033"  0.001 0.033"  0.001
raildist5500_6000 0.234"  0.005 0.133"  0.004 0.033"  0.001 0.036" 0.001
raildist6000_6500 0.226°  0.006 0.106"°  0.004 0.031"  0.001 0.0277  0.001
raildist6500_7000 0.229"  0.006 0.105"  0.004 0.032"  0.001 0.028"  0.001
raildist7000_7500 0.204”  0.006 0.093"  0.004 0.027”  0.001 0.026"  0.001
raildist7500_8000 0.235"  0.006 0.006"  0.004 0.034"  0.001 0.009"  0.001
raildist8000_8500 0.215°  0.006 0.065°  0.004 0.029"  0.001 0.021"  0.001
raildist8500_9000 0.266°  0.006 0.098"  0.004 0.040"  0.001 0.028"  0.001
raildist9000_9500 0.213"  0.007 0.106"  0.004 0.029”  0.001 0.030"  0.001
raildist9500_10000 0.1777  0.007 0.100"  0.004 0.023"  0.001 0.028"  0.001
raildist10000_1050( 0.158"  0.007 0.047"  0.005 0.019"  0.001 0.018"  0.001
raildist10500_1100( 0.069"  0.007 0.046" 0.005  0.002 0.001 0.0177  0.001
raildist11000_1150( 0.037"  0.008 0.038" 0.005 -0.005"  0.002 0.016°  0.001
raildist11500_1200( 0.036°  0.008 0.053" 0.005 -0.006°  0.002 0.022"  0.001
raildist12000_1250( 0.036°  0.009 0.076° 0.005 -0.005 0.002 0.026°  0.001
raildist12500_1300( 0.022"  0.009 0.076" 0.005 -0.011"  0.002 0.024"  0.001
raildist13000_1350( 0.007 0.009 0.047" 0.005 -0.013" 0.002 0.020"  0.001
raildist13500_1400( 0.028"  0.008 0.034" 0.005 -0.007" 0.002 0.016° 0.001
raildist14000_1450( 0.031"  0.008 0.062" 0.005 -0.003 0.002 0.021"  0.001
raildist14500_1500( 0.029"  0.009 0.0357  0.005 -0.002 0.002 0.0157  0.001
Log (frequency) 0.033"  0.001 0.096"  0.001
railline250 -0.0517  0.001 -0.055"  0.001 -0.050 0.001 -0.047" 0.001
railline250_500 -0.038"  0.001 -0.042”  0.001 -0.037 0.001 -0.036°  0.001
R square 0.829 0.831 0.829 0.830
N 542,884 543,873 542,884 543,873

Linear regression model coefficients with standamrdrs of the estimates in parentheses

*

" stands for a significance level of less than 1%
stands for a significance level of less than 5%
stands for a significance level of less than 10%
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Table 4: The relative price difference of dwellirgtssample distances compared with dwellings latate

beyond 15 kilometres. (Based on cross distanceuémcy specification)

0-250 m 5000-5500 m 10000-10500 m
Distance Nearest | Mostly Nearest| Mostly Nearest| Mostly
Frequency station | chosen station | chosen station | chosen
(trains/day) station station station
50 19.6% 16.8% 12.99 12.9% 7.4% 7.0%
100 23.0% 19.8% 15.2% 15.2% 8.7% 8.3%
200 26.5% 22.8% 17.59 17.5% 10.1%% 9.5%
400 30.0% 25.8% 19.89 19.8% 11.4% 10.8%
800 33.4% 28.7% 22.19 22.1% 12.7% 12.0%

When one wants to achieve an increase in realeestdties along a railway line, there are
several strategies. One strategy would be to iserdhe frequency of service on existing
stations, and Table 4 shows the rather modestteffémother strategy would be to create an
extra station. If two stations are located at dis¢és of say 10 kilometres and a new station is
built in between the two, the distance to the n&astation decreases up to a maximum of 5 km.
As indicated by Table 4, the latter strategy wdelad to an increase in house value of at most
6.7% (19.6%-12.9%) of the dwellings located in ifmenediate vicinity of the station. With the
present model it is not possible to investigatecihresequences of adverse effects on travel times
due to the extra stop. Note that, when we compgagectfects of creating an extra station or a
frequency increase, the first mainly affects propealues in one location, whereas the latter

would be beneficial for all stations where thertraiould stop.

6. SUMMARY AND CONCLUSION

This paper analyses the effect of railway stationeasibility on the house prices. A cross
sectional hedonic price model is estimated base®utch residential house transaction in the
years from 1985 to 2001. The model accounts forsighy, environmental, temporal and

accessibility features of the residential housew. &ach of these features a wide range of
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variables is included. The main focus of this papgrhowever, to analyse the effect of
accessibility provided by railway transport on pedy values. Most studies in this area only
consider the proximity of properties to railway tetas. However, this approach is limited
because accessibility of railway stations is mdrant proximity to railway stations. In other
words, railway stations are not chosen as depaptirgs for reasons of proximity alone. Thus,
we need a better approach to address railway abiiggsn the analysis. Railway accessibility
is a function of the distance and the service katlthe relevant departure railway stations. The
choice for a departure railway station is also @#d by the levels of rail service, network
connectivity, service coverage and facilities. Thus possible for the residential property value
to react to an important railway station locatedhfar away than a less important one located
nearby. In this respect most previous studies adtceomings in that they neglect the choice
process for a departure station in their propedie effect analysis by sticking to the nearest
railway station. This paper adds to the literaturehis area in two respects. First, we make a
distinction between the nearest railway statiorthi property and the most frequently chosen
station in the post code area to which the propartgler consideration belongs. Second, a
broader approach for addressing accessibility @ieg by taking into account the frequency of
services. The effects of proximity and service Ievan property values are analysed. In addition
we pay attention to the distance to railway linesdflect potential noise and other disturbance

effects.

Correcting for a wide range of other determinariteause prices we find that dwellings
very close to a station are on average about 25% m@ensive than dwellings at a distance of
15 kilometres or more. This percentage ranges lext\i8% for low frequency stations and 33%
for high frequency stations (see Table 4). A doubbf frequency leads to an increase of house
values of about 2.5%, ranging from 3.5 for houdesecto the station to 1.3% for houses far
away. Finally we find a negative effect of distarioerailways, probably due to noise effects:
within the zone up to 250 meters around a railviag prices are about 5% lower compared with
locations further away than 500 meters. As a redfutie two distance effects, the price gradient
starts to increase as one moves away from a stdttlowed by a gradual decrease after a

distance of about 250 meters.
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Our estimations reveal that the distinction betweearest railway station and most frequently
chosen railway station is important. In many cabestraveller does not choose the closest
station. This is an indication that railway stati@ccessibility is a more complex concept than
one might think, as it involves competition betweailway stations, a subject we intend to

address in a forthcoming paper.

ACKNOWLEDGEMENT

We would like to take the opportunity to thank drént parties that contributed to our work by
providing data and insights. René van der Kruk gled us with useful data he used for his
wetland study. The Dutch national Railway CompaMgS) was helpful at every stage by

providing data and insightful ideas. Special thagiso Mark van Hagen and his colleagues at
NS. People at the GEODAN were also helpful by gedirtg the houses to make them ready for

accessibility analysis and many others.

20



References:

Alonso, William. 1964. “Location and Land Use: Tawaa General Theory of Land Rent.”
Cambridge, MA: Harvard University Press.

Bajic, V. 1983. “The Effects of a New Subway Lin@ ¢lousing Prices in Metropolitan
Toronto.”Urban Studies, 2147-58.

Bertolini, Luca and Tejo Spit. 1998. “Cities on RaiThe redevelopment of Railway Station
Areas.”E & FN Spon, London.

Bowes, David R., and Keith R. lhlanfeldt. 2001.€idifying the Impacts of Rail Transit Stations
on Residential Property Valuesléurnal of Urban Economi¢$0: 1-25.

Cervero, R., and B. Susantono. 1999. “Rent Cap#tiin and Transportation Infrastructure
Development in JakartaReview of Urban and RegionBevelopment Studie§]l issue 1:
11-23.

Cervero, Robert and Michael Duncan. 2001. “Railngies Value Added: Effect of Proximity to
Light and Commuter Rail Transit on Commercial Lavidlues in Santa Clara County

California.” Paper prepared for National Associatad Realtors Urban Land Institute.

Cervero, Robert. 1984. “Light Rail Transit and Urkdaevelopment.”Journal of the American
Planning Association50: 133-147.

Damm, D., S. R. Lerman, E. Lerner-Lam, and J. Your880. “Response of urban real estate
values in anticipation of the Washington Metrddurnal of Transport Economics and
Policy, 14: 315-336.

Debrezion, Ghebreegziabiher, Eric Pels and Piav&ig 2006. “The Impact of Railway Stations
on Residential and Commercial Property value: Adwshalysis.”Journal of Real Estate

Finance and Economic&orthcoming

Dewees, D. N., 1976. “The effect of a subway ondesdial property values in Toronto.”
Journal of Urban Economi¢s: 357-369.

21



Dornbusch, D. M., 1975. “BART-induced changes iogarty values and rents, in Land Use and
Urban Development Projects, Phase |, BART: FingddRe” Working Paper WP 21-5-76,
U.S. Department of Transportation and U.S. Depamtmef Housing and Urban

Development.

Fejarang, Robert A. 1994. “Impact on Property Vaiue Study of the Los Angeles Metro Rail.”
Preprint, Transportation Research Board? ABinual Meeting, Washington, D. C., January
9-13.

Fujita, M. 1989. “Urban Economic Theory.” Cambriddeiversity Press, Cambridge

Gatzlaff, D. and M. Smith. 1993. “The Impact of tihdiami Metrorail on the Value of
Residences Station Locationsdnd Economics69: 54—66.

Giuliano, D. 1986. “Land Use Impacts of Transpaotatinvestments: Highway and Transit.”
Hanson, editoriGeography of Urban Transportatiphlew York: Guilford.

Goldberg, M.A. 1981. “Transportation Systems andbddr forms: Performance Measurement
and Data Requirements.” Proceedings of the Intemat Symposium on Surface

Transportation Performance, 256-68.

Gordon. P., and H. W. Richardson. 1989. “Gasolimmsomption and the Cities: A Reply.”

Journal of the American Planning associati&h, 342-45.

Grass, R. G. 1992. “The estimation of residentralpprty values around transit station sites in
Washington, D.C.Journal of Economics and Financks: 139-146.

Hansen, W.G. 1959. “How accessibility shapes Larsg.UJournal of American Institute of
Planners,25: 73-76.

Landis, John, Robert Cervero, Subhrajit Guhathakudavid Loutzenheiser, and Ming Zhang.
1995. “Rail Transit Investments, Real Estate Valueasd Land Use Change: A
Comparative Analysis of Five California Rail TranSystems.” Monograph 48, Institute of

Urban and Regional Studies, University of Califarat Berkeley.

22



Lee, D. B. 1973. “Case Studies and Impacts of BARTPrices of Single Family Residences.”

University of California, Institute of Urban and gtenal Development, Berkeley, CA.

Martellato, D., P. Nijkamp and A. Reggiani. 1998/¢asurement and measures of network
accessibility: economic perspectives.” in: M. Beutk P. Nijkamp (eds.)Advances in

European transport policy analysi&ldershot, Avebury.
Muth, R. F. 1969. “Cities and Housing.” UniversadlChicago Press, Chicago.

Nelson, Arthur C. 1998. “Transit Stations and Conuia Property Values: Case Study with
Policy and Land Use Implications.” Presented atn$partation Research Board 77th

Annual Meeting.

NEORail 1l. 2001. “The Effect of rail Transit on dfrerty Values: A Summary of Studies.”
(Dratt).

RICS, Policy Unit. 2002. “Land Value and Public iisport: stage 1- Summary of findings.”

Rosen, Sherwin. 1974. “Hedonic Pricing and ImplMiarkets: Product differentiation in Pure

competition.”Journal of Political Econom\82, issue 1: 34-55.

Smith, V. Kerry and Ju-Chin Huang. 1995. “Can miskéalue Air Quality? A Meta-analysis of
Hedonic Property value Modelslburnal of Political Economy103, issue 1: 209-227.

Vessali, Kaveh V. 1996. “Land Use Impacts of raficansit: A Review of Empirical
Literature.”,Berkeley Planning Journal,1: 71-105.

Voith, R. 1991. “Transportation, Sorting and Hougalues.” Journal of the American Real
Estate Urban Economics Associatid®: 117-37.

Voith, Richard. 1993. “Changing Capitalization oBD-Oriented Transportation Systems:
Evidence from Philadelphia.” 1970 — 1988urnal of Urban Economi¢83: 361-376.

Von Thinen, Johan. 1830. “Der Isolierte staat inzi®eung auf Landwirschaft und

nationalokonomie.”Munich: Pflaum.

23



Weinstein, Bernard L. and Terry L. Clower 1999. &Thitial Economic Impact of the DART

LRT system.” Unpublished manuscript.

24



