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Abstract:

In an efficient market, the levels of house priceffect the values of the physical, accessibilitg &nvironmental
features corresponding to the house. This papensés on the impact of railway accessibility featore the
residential houses prices. Stations are treatdthasport access points with distance and frequefdtsain services
components and potential places for negative exligigs. Applying a cross sectional hedonic pricedel, we found
railway stations as identified by frequency oftraervice has elasticity of close to 0.03 for hsuge to a distance of
2 kilometres. Due to the spatial nature of theada¢ controlled for spatial effects by local dumsniBroximity to
railway line as differing from proximity to statipexplaining the noise effect, has a negative effecprices. At the
same time the immediate neighbourhood of the stagiaffected negatively due to externality of gtetion. Highway
accessibility on the other hand shows slightlyati#ht effects on house prices, in that peak effectsir at 4-5 km
from the highway entry/exit point. All other phyalcand neighbourhood variables as income level gopllation

composition show expected effect on house prices.
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1 INTRODUCTION

Hedonic pricing methods explain the value of resthee can be explained by the features of the
property. Studies on real estate price mostly caisg the value bearing features of properties
according to three dimensions namely physical, sgbly and environmental (Fujita 1989, Bowes
and lhlanfeldt 2001). In order to single out theessibility effect of railway stations, in the
literature, it is suggested that stations shouldden as nodes in a transport network and places in
an area (Bertolini and Spit 1998). Based on tlasmBwork recent empirical studies treat the node
feature and the place feature of a station sepgrdibe former characteristic fully accounts for
the accessibility effect which is generally postiHowever the later feature (place in an area) can
have positive and negative effect. Bowes and lleldbf(2001) in addition to the accessibility
feature of a station pointed out the retail emplegitrand crime that stations attract. By accounting
for all the three categories of features this pap@mines how railway accessibility, represented
by railway stations proximity, affects the Dutchulse price. There are three rail services in the
Netherlands: light rail services (trams), heavyl s#rvices (metro lines) and commuter rail
services. The services of the first two are limigthin the main cities. However commuter rails
server inter-urban areas. This paper is interestedssessing the effect of proximity to the
commuter railway stations on prices of residerti@lises. As a main accessibility competitor to
the railway, highway accessibility is representedur analysis by means of distance to points of

highway entry and exits.

The accessibility and nuisance dual effect of aveai station is a function of distance between the
station and the house under study. As the distarreases, the impact of both features on the
house price declines. The level of accessibilityvated by a railway station is measured by the
quality of railway network the station is at, numioé¢ destinations that can be reached from the
station, the frequency of services at the statimh @ther departure station related facilities at th

station. Stations with higher network quality, largiumber of destinations and higher frequency
of trains have a higher accessibility index andeaqgected to have a higher positive effect on the

house prices. Railway stations at the same time |oasilised negative environmental features.

The main question addressed in this paper wouftvhat is the impact of railway proximity and

the level of services on value of properties.” Tata for the analysis in this paper includes the



sales of residential properties in the Netherlarkis. remaining close to the station commuter
households are expected to be willing to pay higiveres for the same houses as compared to
houses further away from the station. This is bseabeing close to the station means saving
access time and cost to work and other opportgnitieat involve rail transport. Not only
households locating close to railway stations hignett also business entities, for stations
contribute to the accessibility for employees arsitars. Thus the value of a station can also be
measured by the willingness of businesses to pagmain close to the stations. These two values
of station proximity can of course differ. This gamnly covers residential house value sales. In a

follow up paper we intend to cover the effect alway station on commercial property values.
2. LITERATURE REVIEW

Land value theories have their root in the workMain Thinen (1830), who tried to explain
variations in farmland values. According to Von Tfiei for agricultural lands of the same fertility,
accessibility to the market place accounts for Yadue difference of these farmlands. In
subsequent studies economists like Alonso and Mefihed this line of reasoning into bid-rent
analysis (Alonso 1964 and Muth 1969). The basi@ idehind the bid-rent model is that every
agent is prepared to pay a certain amount of male@gnding on the location of the land. This
leads in equilibrium to a rent gradient that desdinwith distance from the central business district
(CBD) for sites that yield equal utility. Thus fiarthe analyses, the dominant factor explaining the
difference between land (property) values was toessibility as measured by the distance to the
Central Business District (CBD) and the associateghsportation costs. The physical

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

Thus the basic theory in real estate price canuiefgyward as follows: as a location becomes
more attractive, due to certain characteristiceyatel increases and thus the price. In most cases
CBDs are the centres of many activities. Therefateseness to the CBD is considered an
attractive quality that increases property priddswever investments in transport infrastructure
reduce this demand friction to remaining closehe €BD to some degree (Fejarang 1994) by
attracting households to settle around the statiBnsperties close to the investment area also
enjoy benefits from these investments. Being ctosetransport facility increases the accessibility

of the property and thus the value of the transfamility is capitalised on the property value. It



may be expected that a price curve will have a tmegalope; when we move away from the

station, prices decrease.

The introduction of the hedonic pricing methodoldgy Rosen (1974) lead to an easier way of
attributing effects to features comprising prom=tiThus we observe the integration of physical,
accessibility and environmental characteristicsha property in models trying to explain the
difference in property values. For urban properties transport cost perspective (as a measure of
accessibility) seems narrow, however. In successutglies, a more general concept of
accessibility was introduced. The concept of adbeig thus encompasses all variables that
contribute to the potential of opportunities of @cdtion for interaction (Hansen 1959 and
Martellato et al., 1998). Though a comprehensivéndi®n of the concept of accessibility is
available, the lack of data and appropriate meagutechnique usually implies that simple
measures are used. Thus, in the literature we $eeua on some factors only, especially a CBD
oriented interaction related to employment and pir@p In most property value studies, the other

trip purposes are missing from the model.

In this study on the impact of railway station a&ssbility, it is important to realize that
accessibility can also be provided by other modesamsport. As Voith (1993) has pointed out,
highway accessibility is an important competitor renl accessibility. ‘The presence of other
facilities that increase accessibility like highwagewer services and other facilities influenee th
impact area in the same fashion.” The benefithese facilities and services are also capitalised
into urban property values (Damm et al, 1980). Thies single out the effect of railway

accessibility, other competing modes of accesgihikeed to be included along with it.

Apart from reasons of showing that railway investtsedo result in compact urbanisation, most
studies in the area were conducted to provide eceldor the implementation of value capture
schemes for financing of rail investments (Cervand Susantono, 1999). This was based on the
assertion the value of proximity to accessibilityints is capitalised on the value of properties

around these stations.

In general the empirical studies conducted in #risa 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 pricingowever, no consistent relationship between



proximity to railway stations and property valussrécorded in the literature. Furthermore, the
magnitudes of these effects can be minor or m&me of the earliest studies, Dewees (1976)
analysed the relationship between travel costsaliyay and residential property values. Dewees
found that a subway station increases the sitepergendicular to the facility within a one-third
mile to the station. Similar findings confirmed thie distance of a plot of laritbm the nearest
station has a statistically significant effect twe fproperty value of the lani®amm et al, 1980).
Consistent with these conclusions, Grass (1992 latund a direct relationship between the
distance of the newly opened metro and resideptiaperty values. Some of the extensively
studied metro stations in the U.S., though randgmogn small to modest impact, show that
properties close to the station have a higher védlae properties farther away (Giuliano 1986;
Bajic 1983; Voith 1991a). However there are studidsich have also found insignificant effects
(Lee 1973; Gatzlaff and Smith 1993). On the othandy contrary to the general assumption,
Dornbusch (1975), Burkhart (1976) and Landis et(E995) traced a negative effect of station
proximity. Evidence from other studies indicatéddiimpact in the absence of favourable factors
(Gordon and Richardson 1989; Guiliano 1986). Fdaitkl documentation of the findings, we
refer to (Vessali 1996; Smith 2001; NEORail 2001P @nnual conference 2002; RICS 2002). In
general, some studies indicate a decline in thrdgal impact of railway stations, on property
values. This was attributed to improvements in ssibdity, advances in telecommunications,
computer networks, and other areas of technologlywere said to make companies “footloose”
in their location choices (Gatzlaff and Smith 1293)

The impact of railway station on the property valwepends on several factors. First, railway
stations differ from each other in terms of levefsservice provided in terms of frequency,

network connectivity, service coverage and the.likbus it is natural to see stations to create
differing impact levels on the value surroundingperties. The Meta analysis in Debrezion et al.
(2004) reveals that railway stations differ ine@yand thus on their impact level. Commuter rail
ways have higher impact on property value (Debreabal. 2003; Cervero and Duncan 2001;
NEORAail 1l 2001; Cervero 1984). Railway statiortteg same can differ in the level and quality of
facilities they have. Stations with higher levetlaquality of facilities are expected to have greate
impact on the surrounding properties. The presendenumber of parking lots is one of the many

station facilities that got attention in this arBawes and Ihlanfeldt (2001) found that stationgwi



parking facilities have higher positive impact aogerty values. In addition the impact a railway
station produces depends on its proximity to theDCBtations, which lie close to the CBD,
produce greater positive impact on property valBewes and lhlanfeldt 2001). In addition
Gatzlaff and Smith (1993) claim that the variationthe findings of the empirical work is

attributed to local factors in each city.

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

have treated the effect of railway on the differ@nbperty types separately. That allows us
somehow to explain the difference of railway effentdifferent property types. Generally it has
been shown that the impact of railway stationsreatpr within short distance of the stations on
commercial properties compared to residential omks. larger part of the empirical literature on
property value focuses on residential propertifserathan commercial properties. Generally, it is
claimed that the range of the impact area of railsttions is larger for residential properties,
whereas the impact of a railway station on commaérproperties is limited to immediately

adjacent areas. In addition, there are claims thdtvay stations have a higher effect on
commercial than on residential properties (Weimstand Clower 1999; Cervero and Duncan
2001). This finding is in line with the assertidrat railway stations - as focal, gathering points -
attract commercial activities, which increase comuiaé¢ property values. However, contrary to

this assertion, Landis et al. (1995) determinedgative effect on commercial property values.

Third the impact of railway station on propertywalis subject to demographic segments. Income
and social (racial) divisions are common. Proxin@ya railway station is of higher value to low-
income residential neighbourhoods than to highsimeaesidential neighbourhoods (Nelson 1998;
Bowes and lhlanfeldt 2001). The reason is that ilsweme residents tend to rely on public transit
and thus attach higher value to living close to dtetion. Because of the fact that reaching the
railway station mostly depends on slow mode (wakang bicycle) the immediate locations are
expected to have higher effects than locationhéuraway. On the other hand the high population
movement in the immediate location gives rise ®dbBvelopment of retail activities which leads
to premiums on value of commercial properties buhay at the same time attract criminality
(Bowes and Ihlanfeldt 2001). Bowes and lhlanfeRi(q1) outlined that a significant relation was
observed between stations and crime rates. Howeweproximity variable shows a significant

effect on retail employment. In this model, the ietiate neighbourhood is affected by the



negative impact of the station. Thus the most imatedoroperties (within a quarter of a mile of
the station) were found to have an 18.7% lower e/alroperties that are situated between one
and three miles from the station, however, are maheable than those further away. Though this
study provides an important contribution, unexpdivariations still remain.

3. DATA AND DESCRIPTIVES
(A) HOUSE CHARACTERISTICS

The data used in the analysis of this paper cotrarsactions in the Dutch residential housing
market covering a period of seventeen years froB518 2001. These transactions are recorded
by the Dutch Brokers Association (NVM). Each of th@ld houses is geo-coded to enable us
compute the distanced to the railway stations aglWay entry/exit points. Some houses are geo-
coded at precise house level and the rest are gdedat six digit (e.g. 1234XX) post coded level,
which is an area comprising few houses. Fairlyltbases in the analysis extend over the whole
country. The data set incorporates informationteelao price of the dwelling, characteristics of
the dwelling and some environmental features. Afsarh the house characteristics a number of
accessibility and environmental features are linkBde land use data was acquired from the
central office of statistics for the Netherlandse(CBS). This data set is available at the fouitdig
postal code level of the country. Moreover popolatrelated data are available at this level of
aggregation. Income levels of the population in plost code area, the density and population
composition particularly the share of foreignersha area are used in our analysis. To account for
the effect of central business area, employmenessiiility index data was included which is
aggregated at municipality level.. Other data sesinmclude MNP-RIVM (The Environmental
Planning Agency (MNP) of the National Institute faublic Health and the Environment (RIVM))
and the Dutch National Railway Company (NS).

In table 1 below some statistical descriptive o tiree categories of factors affecting property
value are given. Under the physical characteristidthe houses we use a large number of relevant
items. Examples are area of the house (that insldlke built up and non-built up part of the
estate), age of the house, the number of room amber of bathrooms are given in the continuos

variable form. The rest of the physical charactesssuch as monument, gas heater, open fire



place, garden and garage are represented by durtoniedicate that such features are present or

not. The mean value for some of these featurewéngn the table 1.

The features under the accessibility category geldistance to the railway station, frequency of

trains (both with respect to the mostly choseniatator residents in the post code area and the
nearest station to the house), the perpendicuttante to railway line and distance to the nearest
highway entry/exit point. The distance to the raywine is aimed to capture the noise effect

poised by railway. The distance to the highwaygexit point is meant to take in to account the

car-based accessibility.

Table 1: Descriptive statistics of house charasties

Minimum Maximum Mean Std. Deviation

Dependent variable
Transaction price in Euros 9076 5,558,800 123,130 5,83

Independent variables
1. House features

Surface area in sq. meters 1 100,000 380 1650
Building age in years 0 996 38 40
Total number of rooms 1 39 4.46 1.34
Number of bathrooms 0 4 0.87 0.58
Dummies

Monument 0.009

Gas heater 0.132

Open fireplace 0.184

Garage 0.322

Garden 0.780

2. accessibility features

Distance to nearest railway station (m) 3 25,498 363, 3350
Distance to chosen railway station (m) 10 35,643 2448, 4934
Frequency (trains per day) 22 788 271 216
Distance to highway entry/exit (m) 0 37,745 3,827 564

The average distance to the mostly chosen statititei post code is is on average about 1 km
longer that the average distance to the nearéstsastation. That gives some indication that for
many cases the mostly chosen station is not thestestation. Thus, we will use the two distances
in our analysis to show that an aggregate meadugeglway accessibility is needed. Over the time
period for the data set the price of houses hasased substantially from year to year. Figure 1
shows the average transaction price in each yéds.ificrease can be attributed to combination of

inflation and real value increase.
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Figure 1: Mean price of houses per year

(B) RAILWAY STATION CHARACTERISTICS

The data of interest in this study concern thewal accessibility and associated noise or
congestion effects. Railway accessibility in gehésams means accessibility of railway station.
Accessibility of railway station from the perspeetiof rail transport mostly accommodates two
parts namely the station distance and the statovices. The later part can be can be pure rail
transport services like frequency of trains leavihg station per a period of time and network
connectivity as determined by the number of detina that can be reached with (out) transfer.
In addition it can also include facilities that plgment railway transport. In the overall Dutch
railway network there are about 360 stations. Gata éllows us to use the mostly chosen station

used as a departure station for households aggaegathe 4-digit post code level.



Table 2: descriptive statistics for the railwaytista characteristics
No. stations Minimum 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 5,60013,770
Station type

Inter-city stations 64 0.18

Station Facilities (dummies)

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

4. METHODOLOGY

In singling out the effect of one characteristionfr a bunch of characteristics composing a
property hedonic pricing technique has proved éffeqRosen 1974). The dependent variable in
this analysis is the transaction price of resiggriouses and the logarithmic value of it for that
matter. In line with the hedonic pricing technigue include a wide range of variables that we feel
can explain the house prices. Among which are thgsipal characteristics of the houses,
environmental and more importantly the accessybilériables that correspond to the house under
analysis. Due to the wide range of time coveredhieydata set, temporal variables and to account
for the spatial effect regional dummies are inctid@ur main focus in the analysis is the effect of
station on the house prices as explained by theimpity to the station and the service quality of
the station. Side by side, due to the undeniablapetition exerted on railway by car based
transport we also cover the effect of proximitynighway entry/exit points form the houses. In
this paper we apply this technigue to assess tlpadtrof railway station proximity on property

values.



Due to the fact that the data set covers a widgeasf time and house prices have increased
continuously during the last decade temporal efface expected to play a role in explaining the
variation in the sales price of houses. We captiuese effects by half yearly dummies. These
account for the inflation, real value changes amheiotemporal effects across.

CROSS-SECTIONAL MODEL

Even though the data include longer period, we cmdt organise our data in a panel structure
because there were not many repeated sales ovéiméeThus our data is organised in cross
sectional pattern. We use two specifications fer distance effect. One is in terms of piece wise

linear distance function, the other one makes @is@wscendental logarithmic specification

(A) Semi logarithmic formulation based on piece-ewlstance effect.
We start a semi logarithmic functional form représeéhe model and can be given as below.

Ln(P) =B, +B, X, +B, X, +..+B_X_ +¢ (1)

P is a vector of house priceX ,’'s are matrices characteristics variables by categolncluded

in our analysis are the variables listed in theeaplix in table 1. The dependent variable is given
in the natural logarithmic form; thus the valuestloé coefficients represent percentage change.
Some of the variables are discrete representedubyyniles, but some of them are continuous and
most of the time given in the natural logarithmoen thus the coefficient indicate the elasticity fo

the variable. Distance to railway station and &mel highway entry /exit points are represented by

dummies for different distance categories. Thusmodel takes the form

In(tranPrice) =a + B, x HouseChr + . x Distcategrail + S, xIn(FreqT)

+B,,, % Distcateghway + x Drailline+ B qy,, * Neighb

railline

+ B region X Dregional +B,, . xDtime +¢
2)
In(tranPrice) =a + B, x HouseChr + B¢ ro, X Distcategrail O In(FreqT)

x Drailline+ P4, x Neighb (3)
+ B region X Dregional + B, xDtime+¢

+B,, % Distcateghway +

railline



WheretranPriceis the vector of transaction pricéspuseChr is a matrix of house characteristics
including type of house, surface area, total nundfelooms, number of bathrooms, presence of
garage and garden for the house, presence of gdertend fire place, monument, age of the
building; Distcategrail a matrix of dummy variables representing the distaof the house from
the mostly chosen railway station in the post caida. To see the smoothness of the effect we use
a 500 meters range categories except in the twer itircle categories of the station which are 250
meters each. Thus we have 31 categories of diganzeo 15,000 meter, where the rest area is
taken as referencd=reqT is the frequency of trains at the mostly chosatiat in the post-code
area given in number of trains per ddyistcateghway is a matrix of dummies representing the
distance category at which a highway entry/exinp located. In the same fashion as the railway
distance categories we have 31 distance categfmiethese variables as welDrailline is a
matrix of three dummy variables representing atcwhilistance category the house is locating

from the railway line. This is expected to accolamtthe noise effect of traindNeighb is a matrix

of neighborhood characteristics including income aatio of foreigners. It is given at the four-

digit post code level.Dregional is a matrix of dummy variables representing to chhi

municipality the house belong®time a matrix of time dummies representing the timehaf

transactiong is a vector of the error term.

Generally, the price house is expected to risehasdistance to the transport access points of
station and highway entry/exit points declines.tid¢ same time the influence of a station to the
house prices is expected to increase with the aseren the service level provided by the station as
given by frequency of trains and/or number of degions directly served by the station. The two
variables that indicate the service level providsdthe station are highly correlated, thus we
prefer only to include only one of the two in owtimation. We find the frequency variable more
telling since it addresses waiting time aspectjmportant dimension of generalized costs. In
addition frequency is related to reliability sindelays are less disturbing in the case of high

frequency



(B) TRANSCENDENTAL LOGARITHMIC FORMULATION:

The transcendental logarithmic formulations gemgraroduce smooth curves, showing the
general approximation of effect. We accommodatediséance and frequency of trains in this

transloging treatment.

In(tranPrice) =a + B, x HouseChr + S, xInRail + S5, % (In Rail)?
+ Bireg XINFreqT+ B g0 (I FreqT)? + B, xIn Rail xIn FreqT @)

+ B X Inhighway+B ;.. X Drailline+ B ., X Neighb
+ B region X Dregional + B, x Dtime +¢

We also estimate a complete translog formulatiariuoing highway distance to the model as

follows:

In(tranPrice) =a + B, x HouseChr + B, xInRail + B, % (In Rail)* + Bieq XIN(FreqT)

+ Bregso* (INFreqT)? + B, xInhighway+ B, <, * (In highway?

+ Berossraireq % IN RaIXINFreqT + B ocaingny X IN Rail X In highw (5)
+ Berossrreqignw < 1N highwx In FreqT +B i, X Drailline+ B .., X Neighb

+ B region X Dregional + B, xDtime +¢

Where, Rail is the distance to the railway station in its coatius form;highwayis the distance to

the highway entry/exit point; the remaining vectansl variables are define above.
5.ESTIMATION RESULTSAND DISCUSSIONS

Based on the two functional formulations discusakdve, we present two estimations for each.
We have two references for the station namely #aast railway station and the mostly chosen
station in the neighbourhood represented by the diayit post code area. Intuitively the mostly

chosen railway is expected to have stronger efbecthe house price compared to the nearest
station. In the final estimation reported in theppr we have included distance variable for the
railways station, railway line and highway entryitgooint and also to highway line. We have also

included he frequency of trains as the stationsisbeacharacteristics, land use variables for the
neighbourhood, temporal variable to represent s ¢f the transaction and regional variables at

the municipality level. Highway distance variabléguse features, land use variables except



railway use, type of house, temporal variableseegnted by yearly dummies, and municipality

dummies.

The main focus of the estimation is to find theeeffof station proximity and level of railway
service explained by frequency of trains on theguof house. To trace these effects we estimated
two families of estimation: the piecewise distamffect model and transcendental logarithmic
model. The former is useful to show the effect stahce where as the later is found to be an

efficient way to trace the effect of frequency @ins on house prices.

Table 3 gives the estimations based on the pieeedistance effect. The first two estimations
correspond to the simple linear effect of piecewdstances and frequency of trains effect treated
separately given by equation 2. The last two estona are based on the model given by equation
3. It finds the effect of frequency of trains oruke prices at each distance classes.

The semi log nature of the model in the piecewistadce models make the coefficients easy to
interpret. Each coefficient for the distance categgoin the first two estimations show the

percentage effect on house pricesof distance tstdt®n compared to houses locating beyond 15
km. Thus, we observe as big as 31% price differémchouses within 500m of the nearest station
and houses beyond 15km for the station. This diffee gets smaller for the case of a mostly
chosen station effect where we encounter the peakehprice to be between 250 and 500 metres.
The general pattern of effect decline can be iefeform figures 2 and 3 below. Apart from some

irregularities at distance category 7500 to 800@resewe see a smooth decline in the effect of

distance on house prices. The further we go otli@ttation the smaller the effect.



Table 3: Estimation of Railway station effect on house values: piecewise distance effect

Nearest Station

Chosen station

Cross distance-frequency of trains effect

Nearest Station

Chosen Station

Variable Coefficient| S.E Coefficienf S.E Coefficient S.E fagent | S.E
(Constant) 9.110 | (0.009) 8.929" | (0.009) 9.327” | (0.001) 9.369 | (0.008)
raildist250 0.313 | (0.006)| 0.259" | (0.004) 0.048” | (0.001) 0.041" | (0.001)
raildist250 500 0.313 | (0.005)| 0.265" | (0.003) 0.048” | (0.001) 0.043" | (0.001)
raildist500 1000 0.306 | (0.005) 0.251" | (0.003) 0.047” | (0.001) 0.041" | (0.001)
raildist1000_1500 0.300 | (0.005) 0.238" | (0.003) 0.046" | (0.001) 0.040" | (0.001)
raildist1500 2000 0.308 | (0.005)| 0.238" | (0.003) 0.048” | (0.001) 0.041" | (0.001)
raildist2000 2500 0.290 | (0.005)|  0.227" | (0.003) 0.044” | (0.001) 0.040" | (0.001)
raildist2500 3000 0.282 | (0.005)| 0.199" | (0.003) 0.041” | (0.001) 0.036" | (0.001)
raildist3000_ 3500 0.272 | (0.005) 0.199" | (0.003) 0.040" | (0.001) 0.037" | (0.001)
raildist3500_ 4000 0.295 | (0.005) 0.196" | (0.003) 0.045” | (0.001) 0.037" | (0.001)
raildist4000 4500 0.280 | (0.005)| 0.178" | (0.003) 0.041” | (0.001) 0.035" | (0.001)
raildist4500 5000 0.24% | (0.005)|  0.158" | (0.003) 0.036” | (0.001) 0.032" | (0.001)
raildist5000 5500 0.236 | (0.005)|  0.150" | (0.003) 0.033” | (0.001) 0.033" | (0.001)
raildist5500 6000 0.230 | (0.006) 0.131" | (0.004) 0.032” | (0.001) 0.030" | (0.001)
raildist6000_6500 0.27% | (0.006) 0.106" | (0.004) 0.031” | (0.001) 0.026" | (0.001)
raildist6500 7000 0.227 | (0.006)|  0.104" | (0.004) 0.032” | (0.001) 0.027" | (0.001)
raildist7000_7500 0.200 | (0.006)|  0.093" | (0.004) 0.027” | (0.001) 0.026" | (0.001)
raildist7500 8000 0.279 | (0.006) 0.006 | (0.004) 0.033” | (0.001) 0.008" | (0.001)
raildist8000_8500 0.210 | (0.006) 0.062" | (0.004) 0.029” | (0.001) 0.020" | (0.001)
raildist8500 9000 0.259 | (0.006) 0.094" | (0.004) 0.039” | (0.001) 0.027" | (0.001)
raildisto000 9500 0.208 | (0.007)|  0.102" | (0.004) 0.028” | (0.001) 0.028" | (0.001)
raildist9500 10000 0.175 | (0.007)|  0.100" | (0.004) 0.023” | (0.001) 0.027" | (0.001)
raildist10000 1050( 0.157 | (0.007) 0.044" | (0.005) 0.019” | (0.001) 0.018" | (0.001)
raildist10500 1100( 0.066 | (0.007) 0.038" | (0.005) 0.001 | (0.002) 0.016 | (0.001)
raildist11000 1150( 0.038 | (0.008) 0.036~ | (0.006)| -0.005" | (0.002) 0.015" | (0.001)
raildist11500 12000 0.0532 | (0.008)|  0.050” | (0.005)| -0.006" | (0.002) 0.021" | (0.001)
raildist12000 12500 0.039 | (0.009)| 0.069” | (0.005)| -0.005" | (0.002) 0.026" | (0.001)
raildist12500 1300( 0.021]| (0.009) 0.065 | (0.005)| -0.011" | (0.002) 0.023" | (0.001)
raildist13000_1350( 0.008| (0.009) 0.047" | (0.005)| -0.013" | (0.002) 0.020" | (0.001)
raildist13500 14000 0.051 | (0.009)| 0.032" | (0.005)| -0.007" | (0.002) 0.016" | (0.001)
raildist14000 14500 0.051 | (0.008)| 0.058" | (0.005)| -0.003 | (0.002) 0.020 | (0.001)
raildist14500 15000 0.032 | (0.009)| 0.031" | (0.005)| -0.001 | (0.001) 0.014 | (0.001)
Log (frequency) 0.032 | (0.001)| 0.093" | (0.001)

railline250 -0.050" | (0.001)| -0.054" | (0.001)| -0.049" | (0.001) -0.046" | (0.001)
railline250 500 -0.038 | (0.001)| -0.041" | (0.001)| -0.037" | (0.001)| -0.036" | (0.001)
R square 0.825 0.827 | 0.825 | 0.825

Linear regression model coefficients with standardrs 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%




On the other land the separate effect of frequefidyains is given in elasticity form. A doubling

of frequency of trains at the mostly chosen statiaa as high as 9% house price increase in the
post code area compared to 3% for the case of ¢agest railway station. This measure of
frequency of trains’ effect is crude since it doed allow for a differentiated effect between
distance categories. Thus cross multiplying fregyenith distance allows us to see the effect of
change in frequency across distance categories.ladtetwo columns of table 3 provide the
estimation of the cross distance frequency effeoubling the frequency of trains in the nearest
station result in as much as 5% price increasenfses locating up to 2kms. Doubling the
frequency of the mostly chosen station on the dtlaeid results in about 4% price increase for the

same distance section.

A further refinement would be to estimate a hedgarice equation which combines equations 2
and 3 by incorporating both frequency (equatiora2)l the cross product of frequency and the
distance category dummies (equation 3). This léa@dsdoubling of the number of coefficients to
be estimated, and it appears that the resultingrdis decay patterns become rather unstable. A
more promising approach for a detailed analysisegfuency effects on house prices is to use the

translog form because its number of parametersichramaller.

The estimation results for the tranlog function presented in Table 4. The resulting patterns for

the effect of frequency and distance are showngarE 4.
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Table 4: Estimation of Railway station effect oruke values: transcendental logarithmic formulation

Nearest Chosen Near station | Chosen statig
station station
Coefficient Coefficient Coefficient Coefficient
(Constant) 9.0187 8.531" 9.848" 9.495"
(0.045) (0.037) (0.071) (0.056)
Log (railways station dist) 0.182 0.205" 0.226~ 0.317"
(0.007) (0.005) (0.009) (0.007)
Log (railways station dist) square -0.019 -0.024" -0.017"7 -0.025"
(0.000) (0.000) (0.000) (0.0004)
Log (frequency) 0.030 0.157" -0.336" -0.210"
(0.011) (0.010) (0.013) (0.012)
Log (frequency) square -0.007 -0.020" 0.001 -0.009”
(0.001) (0.001) (0.001) (0.001)
Log (highway dist) 0.014 0.023" 0.009 -0.074”
(0.001) (0.001) (0.009) (0.009)
Log (highway dist) square -0.0117 -0.005"
(0.001) (0.0005)
log (railway station dist)* log (frequency) 0.071 0.019” 0.006~ 0.010”
(0.001) (0.001) (0.001) (0.0007)
Log (railway station dist)*log (highway dist -0.004” -0.007"
(0.001) (0.0006)
Log (frequency)*log (highway dist) 0.042” 0.042”
(0.001) (0.0007)
railline250 -0.043” -0.054" -0.048” -0.055”
(0.001) (0.001) (0.001) (0.0013)
railline250_500 -0.036 -0.046" -0.041" -0.046~
(0.001) (0.001) (0.001) (0.0011)
Log surface area 0.181 0.185" 0.181" 0.185"
(0.001) (0.001) (0.001) (0.0006)
Building age 0.000" 0.000" 0.000™ 0.000™
(0.000) (0.000) (0.000) (0.0000)
Log (number of rooms) 0.311 0.310" 0.313" 0.3117
(0.001) (0.001) (0.001) (0.0014)
Number of bathrooms 0.089 0.088" 0.089" 0.088"
(0.001) (0.001) (0.001) (0.0007)
Presence of Gas heater -0.147 -0.147" -0.145" -0.145"
(0.001) (0.001) (0.001) (0.0011)
Presence of open fire place 0.064 0.065" 0.066" 0.064"
(0.001) (0.001) (0.001) (0.0010)
Presence of monument 0.304 0.299" 0.286 0.283"
(0.004) (0.004) (0.004) (0.0037)
Presence of garage 0.176 0.117" 0.116~ 0.1177
(0.001) (0.001) (0.001) (0.0009)
Presence of garden 0.024 0.024” 0.024” 0.024”
(0.001) (0.001) (0.001) (0.0012)
Other variables: not reported
R square 0.822 0.825 0.824 0.827

Linear regression model coefficients with standammdrs 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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Figure 4: nearest station effect

On the Y-axis we have value of the log price deteeth as the combined effect of distance to the
railway station and frequency in the transcenddogarithmic formulation given above. Figure 1
is based on the effect of nearest station givezoioamn 1 of table 2. On the X-axis we have
distance to the station (in this case to the n€arBise curves represent varying levels of
frequency of trains at the stations. The lower ewerresponds to a frequency level of 100 trains
per day whereas the outer curve corresponds gadncy of 500 trains per day. The frequency
interval between the curves is fixed to 100 trgesday to facilitate comparison on the effect of
additional train. A simple look at the graph regetllere is a diminishing effect of increasing
frequency of trains log price of houses. the gdrstracture of the curves indicate the houses
locating in adjacency to the stations sell lowet thouse locating some few hundreds of meters

from the station.

Figure 2, below is based on the second column @éta. It shows the effect of distance and
frequency of train at the mostly chosen statiormouse prices. The general structure of the curves
remains the same as curves based on the neateast.sthe main difference between the two lays

on the value of the total effect of distance arejfiency of trains on house prices. The Chosen



station results in a higher total effect comparedan effect produced by the nearest station.

Besides we observe a shift in the location of thakpvalue for each of curves.

. |
logprice 1.15 | Freq:500
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D 2000 4000 E000 £000 10000
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Figure 5: effect of distance frequency of trainsdshon the chosen station.

The use of the translog function is not so much ithgives a detailed treatment of the effect of
distance: this can be done in a better way by tiyewsse distance functions reported in Table 3.
However, the translog model is better in dealinghwhe effect of frequency, in particular the
extent to which frequency effects are different fmuses close to stations and houses further
away. Figure 4 shows that not only a low frequeleegls to a lower house price, but also that for
low frequencies the distance decay is faster. Qdssons told by this figure are that a doubling of
frequency from 100 to 200 trains a day has an efie@bout 3% on house prices (implying an
elasticity of about 0.03) at a distance of 1000ergtwhereas this effect is about 5% at about 5 km
and 6% at 10 km. This means the value additiorejuency on house prices increases with
distance. Another way in which Figure 1 can berprited is by considering a house at a distance
of about 2300 meters from a station, having a feegy of 100 trains a day. A doubling of the
number of trains would lead to a price increasslightly more than 3 percent. This would bring
the price at a level equal to that of a housedisi@nce of about 1000 meters at the low frequency
level. Thus, according to market valuations, a dioglof frequency has a value that is about equal

to a reduction of distance of about 1300 meters.



6. CONCLUSION

In this paper we consider the relationship betwtenprices of houses and railway accessibility
through hedonic pricing model based on the Dutsidestial house transaction in the years 1985
to 2001. The data set fairly extends across thatcputhus can be assumed representative. Two
functional formulations are applied. The first mboleats distance in a piecewise fashion where as
the second is based on continuous form. Both aitlaee aimed at focusing in estimation of
impact of specific rail access feature. We treat distance and service features separately. The
service feature of rail assess in our case is agaaby the frequency of train per day. The piece
wise distance linear model is aims to explain tfiecé of distance on house price, where as the

transcendental logarithmic function is meant tovsltoe effect of frequency on house prices.

Based on the two treatment of the station nametynarest and mostly chosen one we found
significant effect for the impact of station disterand service on house prices. Thus, we observe
as big as 31% price difference for houses withiGrs®f the nearest station and houses beyond
15km for the station. This difference gets smalterthe case of a mostly chosen station effect
where we encounter the peak house price to be bat@80 and 500 metres. The general pattern
of effect decline can be inferred form figures 21 &hbelow. Apart from some irregularities at
distance category 7500 to 8000 metres we see atBrdeoline in the effect of distance on house
prices. On the other land the separate effecrexfuency of tells us on average doubling the
frequency of trains at the mostly chosen stati@a$eto 9% house price increase in the post code
area as compared to 3% for the case of the neaibgay station. This measure of frequency of
trains’ effect is crude since it does not allow dodifferentiated effect between distance categorie
Allowing cross multiplied frequency with distanae the model gives us the effect of change in
frequency across distance categories. Doublingrémgiency of trains in the nearest station result
in as much as 5% price increase for houses locaging 2kms. Doubling the frequency of the
mostly chosen station on the other hand resulabout 4% price increase for the same distance
section. A doubling of the number of trains woutdd to a price increase of slightly more than 3
percent. This would bring the price at a level éqoahat of a house at a distance of about 1000
meters at the low frequency level. Thus, accordmgarket valuations, a doubling of frequency

has a value that is about equal to a reductionsthigce of about 1300 meters.



Based on the translog function we can efficientlfigi the effect of additional frequency on house
prices across distance. Doubling of frequency fid@ to 200 trains a day has an effect of about
3% on house prices (implying an elasticity of ab0i@3) at a distance of 1000 meters, whereas
this effect is about 5% at about 5 km and 6% atrh0This shows the value additional frequency

on house prices increases with distance.
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