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Abstract— In highly industrialized areas open spaces such
as farmland and nature are under pressure since u@n areas
are expanding at their expense. Because of the high
opportunity costs of development in urban areas, &igh price
has to be paid for the maintenance or creation ofpen space.
The question is if this high price can be justifiecy the value of
the open space. We estimate the value residents aah to
surrounding open space in a hedonic pricing modelMore
specifically, we investigate in a highly urbanizedarea in the
Netherlands how the externalities of farmland, natve, and
other uses, such as industrial areas and the sea fedft
residential property prices. Moreover, spatial lagand error
dependence are corrected for in the hedonic pricingnodel
used to estimate the value of open space and other
externalities. According to our results premiums ae paid by
residents who buy properties close to urban parks ral the
North Sea and for properties with views on open spz.

Keywords— Hedonic pricing, Spatial econometrics,
Externalities

I. INTRODUCTION

In highly urbanized areas different types of lansk u
compete for space. Open spaces such as farmland
nature are under pressure since urban areas saading at
their expense. Because of the high opportunity scadt
development in urban areas, a high price has toaink for
the maintenance and creation of open space. Théiques
if this high price can be justified by the valuetb& open
space. Similarly, choices have to be made regarttieg
location of greenhouse horticulture and industastas.
Although these types of land use create a highevatided,
they also create externalities that affect the csunding
users of the land. If they have a negative impadhe users
of surrounding land their total added value is lot&an the
value indicated by their profit.

agricultural sector is traditionally characterizbg dairy
operations, and therefore, the landscape by meaddths
grazing dairy cows. Strict land zoning policies makat
these different forms of land-use take place beay thlso
create high opportunities costs of land used faunea
recreation and agricultural activities.

In order to support decision-making, quantifyinge th
value residents attach to the land use with iteresfities
surrounding them is important. One way of doing tisi by
quantifying the premium or loss generated for resthate
properties by nearby open space, industrial andnip@use
horticultural areas. Hedonic pricing models (RosE®i{4)
are often used to calculate such premiums. In thesdels
the value of each property is regressed on therathat
determine property prices.

Although, the value of open space has often been
investigated (e.g. Geoghean (2002), Wu, et al. 4p@hd
Cho, et al. (2006)), less attention has been mattid value
of other land uses. Although, the impact of hazasdeaste
sites was investigated by lhlanfeldt and Taylor @0&and
Kaufman and Cloutier (2006) investigated the impaft
small brown fields on residential properties, thesgdies
were all focused on specific sources of pollutibor the
aNdtherlands Rouwendal and Van der Straaten (2007)
examined the value of open space within cities.Ogpmace
outside cities and impacts of other land uses siteatial
properties was not investigated. The current rebkearc
investigates the impact of land use surroundingdeasial
properties, and its externalities, on residentiabpprty
prices Since our research area combines many dfiffer
types of land uses on a relatively small area, #isisures
that it is the right setting to investigate thessies.

However, some problems are experienced while apglyi
hedonic pricing models. First, to be meaningfulgéar
amounts of data on property characteristics arelined,
These can be categorized as size characteristidisdtors

The area around Midden-Delfland, incorporating sitie for the size of the lot and the building on it), atjty

like Rotterdam and Delft, in the Western part ok th
Netherlands, is a highly urbanized area, where ma
different types of land use are combined. It corgathe
main greenhouse horticulture activities of the Nd#nds
and the harbour of Rotterdam, one of the largedtcuas in
the world, with all its industrial activities. Inebveen the
villages, cities, industrial areas and greenhoubese is
space for nature, recreation and agricultural diett The

indicators (e.g. age of the structure, maintendeeel),
nyeighborhood characteristics (racial compositioneam
income) and location. Location does not only include
information about the proximity to public transpahd
downtown, but also to open space such as farmland o
nature areas (Taylor, 2003). This requires linkdlaga from
different sources by Geographical Information Syste
(GIS).
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Second, there might be a problem of spatial depa®le the property is adjacent to one of these typegpehaspace,

(Anselin, 1988). Corrections for spatial error degence
should be applied if non-observed property charesties

are the same for neighbouring properties. Spatda |

the associated dummy variable has the value 1 and
otherwise the value is 0.

dependence might be an issue if buyers and sellegs The generalized spatial two-stage least squares

determine their willingness to pay or willingnessaccept
for properties based on properties that were soldhe

neighborhood. This results in direct dependence hef t

property prices located close to each other. Begawse

procedure

In the hedonic pricing model residential propertices
are explained by property characteristics and nreasaf

have over 70,000 observations, we use the Method ¢dnd use surrounding the residential propertiesreldeer,
Moments technique proposed by (Kelejian and Pruchaye include spatial lag and error dependence inmibdel.

1999) to correct for spatial error dependence amel t Spatial

instrumental variable approach proposed by (Kelegad
Prucha, 1998) to account for spatial lag dependence

The objective of this paper is to determine the ichd
land use surrounding residential properties, ansl
externalities, on residential property prices indign-
Delfland. This research uses spatial econometrimnigaes
to estimate a hedonic pricing model of residergraperty
prices.

Section 2 presents the empirical model. Section

describes the data. Estimation results are discussed

section 4. Finally, section 5 concludes.

Il. EMPIRICAL MODEL AND ESTIMATION
A. Measuring externalities

Hedonic pricing models reveal implicit prices obperty
characteristics from the overall property prices.ed¢éh
characteristics also incorporate measures of tasepce of
different types of land use. Implicitly, it is assed that the
more land use of a certain type surrounding a eesial
property, and the closer by, the more externalitiEshis
type of land use are imposed on the residentiapepiy.
Examples of measures that take account of the sufiogy
land use are the distance from the residentialgstgpo the
nearest lot with a specific use (e.g. Wu (2001lgritifeldt

and Taylor (2004) and Wu, et §2004), the percentage of a

certain type of land use in a zone around eacheptyife.g.
Irwin and Bockstael (2001), Kestens, et al. (20Ch)d
Gheoghegan (2002)), or adjacency of other typekrud
use to the property (Nicholls and Crompton, 2007al&ro
and Provencher, 2001). This research extends thefube
Reilly index, as proposed by Cotteleer et (2008) to all
types of land use, and not just open space. Incatpd land
use types are agriculture, nature areas, urbamatonal
parks, greenhouse horticulture, recreational sesyieaste
sites, recreational waters and industrial areasaddition
dummy variables are specified regarding the ad@céo
nature areas, water, parks and other types of space. If

lag dependence refers to the direct spatial
relationship between property prices of properthest are
located near each other. It is assumed that prfcennation
from neighbouring properties that were recentlydsate
itincorporated in current property prices. Spatialorer
dependence refers to the spatial relationship @ dfror
term. Error terms are assumed to be spatially iblakge to
spatially related omitted variables. The hedoniccipg
model that incorporates both spatial lag and error
g8ependence is specified as follows:

P=X8+IWP+¢e, |Al<1

£=pMe +u, |ol<1,

[1]
Where P is the vector with property prices; X ig th
matrix of property characteristicsf the associated
coefficient vector the spatial lag parameter; W the spatial
weighting matrix associated with the spatial lag tie
model; e the spatially correlated vector of residugf3; the

spatial error parameter; M the spatial weightingtrina
associated with the spatial error term; and uésrémaining

error term, with a variance aﬁ‘f :

Because our dataset contains more than 70,000
observations, we use the Generalized Spatial TwgeSta
Least Squares (GS2SLS estimator) procedures (Kelejian
and Prucha, 1998) to estimate the model. These=guoes
are specifically developed to estimate spatial rsde
combination with large datasets. Kelejian and Paud®98)
propose a three step Generalized Spatial Two-Stegst
Squares Procedure to estimate the model. In tbe diep
the regression model is estimated by two-stagée sepgmres
(2SLS) using instruments H and without incorporatihg
spatial error structure. H isl@X P matrix, containing a set

of instruments used to instrument Z, whefe= (X ,Wy).

Furthermore defined = (', A)". In this procedure we use

X, WX and W2X as instruments in H. The two-stagast
squares estimator is then given by:
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5=lz2]'zy. )
where Z=PZ=(X,W): W=PW; and
P=H(H' H)_lH . Although this estimator is

consistent, the spatial correlation in the errgmtes not
incorporated yet in this estimate.

I
™

ZlrZ|lkrz|r
™)

™)
™)

and gy =

™
™)

Therefore, the second step in the procedure uses the

Method of Moment (MM) estimator from Kelejian and
Prucha (1999) to estimat® and Jj. We will use the
following notaton U =Wu, &=Wg, & =WWe,
U=&- &, and U =& — P& . The following moments
are used:

E iu'u} =o?,
| N

E—iU'U} —aziTr(\N'W) and [3]
N “'N

E iU'u} =0
N

Because we cannot use the population moment y* =Z'd+u,
conditions, sample analogues to the population méome

conditions have to be specified. Therefore, théofdhg
predictors are defined: £ is a predictor for e.

Correspondinglyg =WE andZ =WZ . This leads to the
following conditions for the sample moments:

Gy |.0-2’pa pZJl_gN = Vx (0-2’:0) ; [4]

whereV, (07, p) is the vector of residuals;

2 = ~ 1==
1 -—c'e —E&'E
N N
1 2=~ 1==
G, =|—Tr(W'W -—&'€ —&'c
v N W'w) N N
1(2,-.. :,:) 1z~
0 -—\g'e+&'e|] —£'€
L N N

Furthermore, restrictions have to be imposed on the
estimates ofo and ,02. Otherwise, the estimate qﬁz is

not equal tgo X 0. The MM estimator fo{ &®, o} can be
defined as a nonlinear least squares estimator:

(&2, ,5) = argmin{vN (02, ,o)‘vN (02, p)} [5]

The residuals from the two stage least squares goee
in the first step can be used as starting valuehenMM
optimization procedure and the systems can be dalsing
non-linear least squares.

Given the estimate of0, in the third step the following

Cochrane-Orcutt type transformation can be apgtethe
model:

(6]

where Y (p) =y—-ppMyand Z (p) =Z - pMZ.
This results in the generalized spatial 2SLS estimair
GS2SLS estimator. This estimator is given by:

5=12"(0yZ (o) 2" (o) (o), 7]

where Z" (0) =PZ (p).

C. The specification of the weighting matrix

Because we include both a spatial lag and a spetiat
term in our model (see equation [1]), we have &c#p two
weighting matrices a-priori and because our daEs®hins
over 70,000 observations, we will only considerrspa
weighting matrices. Furthermore, in this researehderive
locational aspects of properties from geographical
information of 6-digit postal code areas, since daee not
have information about the specific location of heac
property. We combine the geographical informatiéréo
digit postal code areas with postal code infornmatif
residential properties. Within our research arka,dverage
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size of the 6 digit postal code areas is 0.021 kwigh

larger postal code areas in the more rural aredssanaller
ones within city centres. Especially in urban aréadijgit

postal code areas are good approximations of gaitm of
properties. In comparison, the average size ofpib&tal
code areas within urban areas is 0.005 km2, andvwéeage
size of postal code areas within agricultural arnea8.203
km2.

For, the weighting matrix associated with spagiabr
dependenceM, we assume that properties within the same
6 digit postal code areas affect each others dmons
(resulting in an associated weight of 1) and prigerin
different postal code areas do not affect each rothe
(resulting in an associated weight of 0). In theiglveéng
matrix associated with spatial lag dependeNgewe have
to incorporate the time dimension as well. Our sktta
consists of sales that took place in the period61Z306.
Prices of future sales are not informative. Morepveve
cannot assume that for example the price of a phppleat
was sold in 2006 was influenced by a sale of ahigring
property that was sold in 1998. Therefore, we asstimae
future sales and sales that took place more thaaaprior
to another sale, do not impact the other propertie
transactions price. Elements of the weighting matvix are
equal to 1 if property andj are within the same 6-digit
postal code area and if propejtwas sold beforé, but not
more than a year before i was sold. Therefore, vekwgm
with a specification of the spatial lag structurattis similar
to a moving average, but also incorporates spasiaécts of
the data. After specificatioM andW are both normalized,
so that each row in the weighting matrices sunts to

Fig. 1 Research area and land use

Ill. DATA AND RESEARCH AREA

. ) Sales of residential properties are recorded in the
In 2006 our research area in and around Middenkrelf  j51aphase from the Dutch Association of Real Estajents.
contained twelve different municipalities in theopince of  This database consists of 83.620 observations of
South-Holland, the Netherlands. Within the reseqefiod  (5nsactions that took place in the period 199652@0the
1996-2006, some of the municipaliies merged as fgearch area. Both sales prices and property atbasdics
consequence of a general policy to increase efioyiand 516 contained in it. The market share of the astooia
effectiveness of municipalities. The size of theeegsh area ranged from 56% in 1997 to 73% in 2006. Not all
is about 580 I_<r’na_nd the average population density over allansactions available were included in the hedpnicing
twelve municipalities is 2,423 inhabitants per’kifigure 1 model. For example, only dwellings were includedttie
depicts the research area. Agricultural, greenhousg | dataset. Lots without buildings on them, gasaghat
horticulture and nature areas are indicated whtligrey \ere not directly linked to dwellings, houseboatmbile
shades, urban and “|ndus.tr|al areas with 9ark_gre§/thl_e homes, recreational properties and large rurakesstaere
Iocatlon of the river “de Nieuwe Waterweg” is indted in gy cjuded. Also, properties that were bought asstments
white. and properties that lacked information for all expitory
variables were excluded. Finally, transactions therte sold
for nominal prices over €9,075,150 or under €11,84%¢
excluded. Transactions with higher or lower pricesrev
indicated as unreliable by the Dutch AssociationRefal
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Estate Agents. Therefore, we ended up using 74,958uring our research period. Therefore, we also dela
observations. These observations include both apattim linear time trend in our model. This time trend bagalue

and houses. However, we define different dummyabdes

of 1 in January 1996 and a value of 132 in Decer2bé6.

for subcategories of apartments and houses to reaptut captures macro-economic changes, such as changes
differences in prices between apartments and housdSDP per capita, population growth, changes in @derates

Subcategories are ground-floor apartments,
apartments, combined ground floor and upstairstayests,

upstaiesc.

To define explanatory variables for the hedonicipgc

maisonettes, gallery apartments, homes for therlglJde model we used information about property charasties

terraced houses, semi-detached housesl, cornezd)dree

from the database of the Dutch Association of Heshte

standing houses and apartment buildings with close8lgents. However, we also linked information aboand

entrances to the front doors are the base case.

Since the time horizon is 1996-2006, we have te tak
time dimension of the data into account. Figurd@ws the
nominal versus real price changes of apartmenthandes
captured by the 74,959 transactions that we analyze

Nominal vs real prices for houses

300000
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= 250000
5200000 —
24150000
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50000
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Fig. 2 Nominal versus real price changes of apartsne
and houses

To correct for inflation, we use real prices in treglonic
pricing model, but Figure 2 indicates that residgdrgales
prices have risen by more than the overall ratanftdition

! Next to each other, or linked through garages.

use to the transaction database. The land use adatab
categorizes land use in the Netherlands and islisdpby
Statistics Netherlands2. Based on this database, we
calculated the Reilly indices for different typefsland use
surrounding each parcel. Reilly indices are given b

R = Zj:l(sj / Diiz)’ 18]

whereR is the value for residential propeitandDj; is
the distance (in meters) from residential propefty areg
with a specific land use type of sife(in meters squared).
All Reilly indices are scaled (divided by 1 millijpnA
further explanation and the choices made regardieg
Reilly indices can be found in Appendix 1. The ovew
statistics in Appendix 2. give a good idea of thed use
within the research area. Relatively large averagdéeilly
indices indicate that relatively a lot of land ised by the
associated type. Furthermore, we linked informatbout
real average incomes, immigrants and populatiositiem
neighborhoods from the ‘Wijk- en buurtgegevens’attase
originating from Statistics NetherlariddNe distinguished
465 neighborhoods within our research area. Datatab
elevation levels and distance to highway exits inatpd
from the Land use scanfieand data about the distance to
the highway, railways and railway stations origgsafrom
the Ministry of Transport, Public Works and Water
Managemenit It is apparent from Appendix 2. that
elevation levels are sometimes negative indicdting that
is located below sea level. Finally, we used 6tdigistal

2 The name of this database is Land Use StatisBestand
Bodemgebruik, BBG).

3 Information from the ‘Wijk en Buurtgegevens’ is ord availabe
at: http://statline.cbs.nl/statweb/.

* For more information about the
http://www.lumos.info/news.php.

® This database is called het National Transport [zeta
(Nationaal Wegenbestand, NWB).

land use scanner see
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code maps from Briddigto locate the properties that were the signs of the Reillys sometimes differ betweanCd.S

sold. An overview and summary statistics of alliailes
included in the hedonic pricing model can be found
Appendix 2.

IV. EMPIRICAL RESULTS

Estimates of the hedonic pricing model, includingtip
lag and error dependence are shown in Table 1. Tdueim
explains about 80% of the total variation in reahsaction
prices. Furthermore, most explanatory variableshéghly
significant. One reason for this high significanck the
coefficients is the large dataset we use. Becagsmalude
many explanatory variables in the hedonic pricingded,
we test for multicollinearity in an OLS specifimat of the
model using Variance Inflation Factors (VIF's) (seldl
and Adkins (2001)). Because the mean VIF is 1.6 tha
highest and lowest VIF's were respectively 5.96 ar@D,
we conclude that multicollinearity is not a problémour
specification.

A. Spatial versus non-spatial approaches

The significance (p<0.01) of the spatial paramethrs
and lambda indicates that the GS2SLS estimatandeeid
the correct one. Therefore, we conclude that theimgov
average of prices of properties that were sold iwithe
same 6-digit postal code areas influences saleseri
directly. Moreover, we conclude that there are igpat
influences not captured by the explanatory vargblEo

specification and the spatial model in Table 1.

B. Externalities of different land use types

The adjacency measures of open space (forests,, parks
water and other types of open space) are all highly

significant (p<0.01) and have a positive impactpooperty
prices. Waterfront properties have the highest ddddue,
€15,289 on average per property. Adjacency of ferbas
an added value of €10,052, parks of €7,047 and types
of open space have an added value of €3,351. Ajthou
gardens are in general not for public use and treyin
general much smaller than public open space, thayatso
be viewed as providers of open space. The presehee
garden adds about €4,762 on average to the valdkeof
house or apartment.

Other impacts of surrounding land uses are medsure
with Reilly indices. In this highly urban area, tReilly for
urban parks is significant (p<0.01) and positivheiefore,
we can conclude that urban parks have an addeé ¥Yaitu
residents, the larger and more nearby the higheratided
value. Rouwendal and Van der Straaten (2007) alsod
positive effects of parks and public gardens in Ehdch
cities Amsterdam, The Hague and Rotterdam. Apparentl
the net effect of landscape services and otherredtdes
provided by urban parks is positive. For largeuratareas
we also find a positive effect, but this is notrgigant. This
is almost opposite to the findings of Lutzenhised Bletusil
(2001). Although they found significant positivegatts of
all types of open space, they found that naturalasr

apply the GS2SLS estimator we had to rescale thityRei provided the largest benefits and urban parksialest of
for recreational water and waste sites to overcomg|| open space areas. They argue that urban pegksfizn
singularity problems during the estimation procedur gssociated with negative externalities. Howevesetaon

Therefore, the Reilly for recreational water is nplied by
10,000 and the Reilly for waste sites by 1000.

LeSage and Fischer (2007) indicated that we havweto
careful with the interpretation of the coefficiertsspatial
lags are included in the model. The impact of charige
explanatory variables on sales prices is then glwerthe
direct effect plus the indirect effect through cpes in
neighbouring sales prices. However, our weightirgtrix
includes only impacts of past sales prices on tneent
sales prices. Therefore, we do not allow for inttieffects.

our findings we conclude that larger nature areasat
always serve the interests of the residents whoriwarby.
In Midden-Delfland these areas are often used fay-d
recreation and therefore, tourists and others &gyl to
benefit from and value these larger nature area® n@an
the residents who live nearby. Open space provioed
farmland has a negative, but insignificant impacthearby
residential property values. The insignificance iieely
caused by the fact that farmland (mainly pastureshe
research area) has both positive and negative neiizs.

Most explanatory variables have the expected sigh a positive externalities being landscape and wildiiéeg.

the sign is often the same as in the OLS spedificat
However, sometimes signs and significance diffdwben

the spatial model represented in Table 1 and the OLg,

model. This is often the case for coefficients whacé non-
significant. For the parameters of interest, thisans that

6

Information  about be found

http://www.bridgis.nl/.

Bridgis can

meadow birds), negative externalities being snadl slow
moving vehicles. Irwin and Bockstael (2001) fourasitive
pacts of crop and pasture land on residentiapgnty
prices. The Reilly indices for greenhouse hortimgf waste
sites and recreational sites have the expectedinegdfect
but are insignificant. An interesting finding, ishet

on significant positive impact of industrial areagliis region.
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Table 1 Estimation results for the hedonic pricingdeidncluding spatial lag and error dependencd) vaal sale prices in
€100,000 as the dependent variable (n = 74,959)

Coefficient t-statistic
Adjacent to forest 0.10052" 4.59
Adjacent to water 0.15289" 24.95
Adjacent to park 0.07047" 8.08
Adjacent to other open space 0.03351" 7.69
Garden 0.04762" 9.92
Reilly for nature areas 0.01293 1.36
Reilly for urban parks 0.03698" 8.66
Reilly for recreation (hotels, campsites etc) -0.00135 -0.29
Reilly for recreational water 0.0001% 0.26
Reilly for agricultural areas -0.04552 -0.78
Reilly for greenhouse horticultural areas -0.29144 -0.64
Reilly for industrial areas 0.01566" 3.06
Reilly for waste sites -0.00018 -0.87
City centre 0.04767" 8.74
Countryside 0.16564" 6.98
Busy road -0.00510 -0.75
Distance to nearest highway (in km) 0.05461" 15.35
Distance to nearest highway exit (in km) -0.05848" -22.72
Distance to nearest railway (in km) 0.07007" 14.85
Distance to nearest railway station (in km) -0.04125™ -10.34
Distance to the North Sea (in km) -0.01024™ -18.98
Period of construction 0.02565 20.65
Newly developed 0.0377% 2.21
Ground-floor apartment 0.03961" 5.17
Upstairs apartment -0.05013" -8.87
Ground floor and upstairs apartment -0.00693 -0.34
Maisonette -0.06880" -8.30
Gallery apartment -0.04622" -7.39
Home for the elderly -0.27271" -4.58
Terraced house 0.10546" 13.80
Corner house 0.18909" 22.36
Semi-detached house 0.43316" 35.95
Semi-detached house, linked through garages 0.20768" 11.99
Free standing 0.91307" 59.57
Surface of the house (in%n 0.00924” 185.68
Number of balconies -0.00397 -1.28
Number of dormers 0.0113% 2.34
Number of roof terraces 0.07917" 14.43
Number of kitchens 0.00034 0.09
Number of sculleries 0.09239" 15.62
Storage in the attic 0.01921" 3.45
Practice inside 0.02391 1.40
Carport 0.12015" 11.18
Single car garage 0.18175" 29.99
Multi car garage 0.47465" 28.94
Maintenance of the house 0.05979" 39.35
Number of isolation materials used 0.00955" 8.55
Ground rent -0.06244" -12.72
Permanent -0.08251" -7.91
Partly rented -0.25707" -6.92
Population density within the neighbourhood 0.00022 0.41
Percentage of non-western immigrants in the neigtttmnd -0.0058T -25.56
Average income within the neighbourhood 0.00857" 14.88
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Elevation level (in m) -0.0124%" -6.13
Monthly trend 0.00547" 114.52
Constant -0.16664" -25.12
Rho 0.01037" 4.90
Lambda 0.51321" 9.77
R-squared 0.8016

*+gignificant at 1%, **significant at 5%, *signifiant at 10%"° For computational purposes, the Reilly for redoest water and waste sites were
rescaled. The Reilly for recreational water is iplitd by 10,000 and the Reilly for waste sitesliop0.

Since the harbour of Rotterdam is the largest imdlls percentage of non-western immigrants has a highly
area in this region, this area seems to be appedciay significant (p<0.01) and negative impact on thepprty
those who live nearby. The harbours are adjacetfietarm prices. On the other hand, non-western immigranthim
of a river ‘Nieuwe waterweg’. Therefore, residentgymn  also search for cheap residericeShe average income
appreciate the view of this large water mass amsd itwithin the district has a highly significant (p<@)Opositive
incoming and leaving container ships. Another exafn  impact on property prices. A reason for the indigant
might be the job opportunities provided in the loanb effect of population density is that prices withurery

Other locational aspects of properties also mafteople populated areas rise as a result of the high denfiand
are willing to pay a large premium for living ineh residences. On the other hand, residents also #&npos
countryside. Properties located in the countrysgidl on  externalities on each other and these might betivega
average for €16,564 more than properties somewimere very populated areas. Another reason for the iifsignt
between the city centre and the countryside. Onother effect of this variable is that it is correlated thwithe
hand the city / village centre also provides maypes of percentage of non-western immigrants. Althoughrtioglel
benefits, therefore, we find an average premiur@4¥67 as a whole doesn’'t suffer from multicollinearitypnse
for apartments and houses located within city diageé variables are related. The elevation level has aifgignt
centres. Accessibility indicators such as the distato the (p<0.01) negative impact on property prices. Apptye
nearest train station and highway exit are alsohlfiig residents are not afraid of higher flooding riskthey live
significant and negative. This means that people palgelow sea level.
significantly more for more accessible propertidswever,
the presence of highways and railways themselvasesa
nuisances such as noise and highways also addeto th V. SUMMARY AND DISCUSSION
pollution. This is according to our findings, besawve find o ] ] ] )
significant (p<0.01) positive coefficients for distes to the e objective of this paper is to determine the icopd
nearest highway and railway. On the other handNieth ~ 1and use surrounding  residential properties, ansl it
Sea and its beaches provide positive landscapiesrand €xternalities, on residential property prices indi¥én-

other externalities. Residents pay on average €10k Delfland. According to the Reilly for urban parkge find
for each kilometre closer to the beach. that the closer to urban parks and the larger thekan

parks are, the higher the premium paid for resident
properties. For larger nature areas and open gpavé@ed
C. Other effects by farmland, we do not find significant impacts gmoperty

With respect to the different apartment and housjpgs ~ Prices. This research also used adjacency meadares
we have to compare the results to the base camgadiment investigate open space premiums. We find that eeial
buildings with closed entrances to the front do@mund- Properties adjacent to open space sell for a prmiu
floor apartments sell for higher prices, and alhest Detween €3,351 and €15,289 depending on the typpent
apartment types are priced lower than the base dese SPace. And of all types of open space, waterfroopgrties
expected, all housing types are priced higher thapell for the_hlghest premium. The North Se_a anbetsches
apartments, and free-standing houses are the md¥g0 provide positive landscape services and other
expensive, given the selection of housing typeertakto externalities. Residents pay on average €1024 foorach
account in this research. kilometre closer to the beach. People are alsongitio pay

The monthly trend is also highly significant (p<D0 @ large premium for living in the countryside. Pedpes
and positive. This indicates increasing real primeésr time,
as wa§ already Indlcate_d by Figure 2. L . " If non-western immigrants search for cheap residen endogeneity
With respect to neighbourhood characteristics fim&  might be present in the model. However, we argaettiis specific part of

insignificant effects of the population density.W#aver, the the model is not very likely to have a large infioe on the estimates of the
parameters of interest.
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located in the countryside, sell on average for,®84 more They argued that insignificant effects of open spadoght
than properties somewhere in between the city eesatid be caused by the fact that there is a future patefdr
the countryside. On the other hand the city / gédlaeentre development of the open space, and therefore, uheef
also provides many types of benefits, goods andicesy, value of the open space is not guaranteed. Thisnagu
therefore, we find an average premium of €4,767 fomight also hold for our highly urbanized researchaa
apartments and houses located within city or villagntres. where conversions to urban land uses often takeeplehe
Therefore, from the Reilly indices we can concluldatt current research only incorporates current landamsk not
although large nature areas might be important fogovernment plans for land use changes. Includingch su
preservation of wildlife and landscape residenty pa  plans might be an interesting for future research.
premium for living close to them. However, urbarrksa
apparently provide the externalities residents egipte
such as green space people see from their windowthen
place where they can play with their kids. Alsog th
adjacency measures indicate a positive impact fHcadt
open space. Note that the adjacency measures €iffier
the Reilly indices in the sense that they meadueeview
from the window and not the amount and distancepien
space. E.g. a property with a high Reilly index banvery REFERENCES
close to a nature area, but the Reilly indices aloimdicate
whether the property overlooks the nature arechodigh 1. Anselin, L. 1988. Spatial Econometrics: Methods and
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APPENDIX 2 SUMMARY STATISTICS DEPENDENT AND EXPLANAORY VARIABLE(S), N = 74,959

Variable Mean Std. dev. Min/Max
Real sale amount (100,000 €) 1.4669 0.8213 0.11/20.63
Reilly for nature areas 0.0063 0.2482 1.24e-06/11.71
Reilly for urban parks 0.0361 0.4418 3.92e-07/70.96
Reilly for recreation (hotels, campsites etc) 0.0156 0.5802 7.14e-07/30.41
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Reilly for recreational water 0.0002 0.0056 5.89e-08/ 0.47
Reilly for agricultural areas 2.2108 46.8537 7.11e-06/
4721.51
Reilly for greenhouse horticultural areas 0.6005 5.7331 4.54e-07/56.20
Reilly for industrial areas 0.0243 0.5361 8.71e-07/40.37
Reilly for waste sites 3.93e-06 0.0008 8.00e-09/ 0.15
Adjacent to forest (=1 if located next to a forest) 0.0044 0.0661 0/1
Adjacent to water (=1 for waterfront properties) 0182 0.2605 0/1
Adjacent to park (=1 if located next to a park) 289 0.1676 0/1
Adjacent to open space (=1 if located next to otipEm space areas) 0.1380 0.3449 0/1
Garden (=1 garden is present) 0.4747 0.4994 0/1
City centre (=1 property is located in the city weh 0.1072 0.3094 0/1
Countryside (=1 property is located in the counthys 0.0043 0.0654 0/1
Busy road (=1 property is located at a busy road) .05@8 0.2186 0/1
Distance to nearest highway (in km) 1.4947 1.1344 0.00/6.92
Distance to nearest highway exit (in km) 3.0738 2.0807 0.13/13.97
Distance to nearest railway (in km) 1.3421 1.3084 0.00/7.88
Distance to nearest railway station (in km) 1.7906 1.4366 0.03/8.55
Distance to the North Sea (in km) 17.8132 7.2868 0.07/31.51
Period of construction (1=1500-1905, 2=1906-193(1,981-1944, 4=1945- 4.8070 2.1970 1/9
1959, 5=1960-1970, 6=1971-1980, 7=1981-1990, 8=29MD, 9>2000)
Newly developed (=1 property is recently developed) 0.0086 0.0921 0/1
Ground-floor apartment (=1 if apartment is on theugd floor) 0.0728 0.2599 0/1
Upstairs apartment (=1 if apartment is not on tteeigd floor) 0.1331 0.3397 0/1
Ground floor and upstairs apartment (= 1 if apaniecludes the ground 0.0049 0.0697 0/1
floor and other floors)
Maisonette (=1 if apartment is a maisonette) 0.0521 0.2222 0/1
Gallery apartment (=1 if apartment is situated gakery) 0.1117 0.3150 0/1
Home for the elderly (=1 if apartment is part dfane for the elderly) 0.0012 0.0340 0/1
Terraced house (= 1 if terraced house) 0.2895 0.4535 0/1
Corner house (=1 if corner house) 0.1072 0.3094 0/1
Semi-detached house 1 (=1 if semi-detached house) .0349 0.1835 0/1
Semi-detached house 2 (=1 if semi-detached hongedl through garages) 0.0083 0.0906 0/1
Free standing (=1 if house is free-standing) 0.0158 0.1246 0/1
Surface of the house (in9n 108.8083 42.404 17/753
Number of balconies 0.4910 0.5732 0/3
Number of dormers 0.1013 0.3091 0/2
Number of roof terraces 0.0780 0.2748 0/3
Number of kitchens 0.8910 0.3678 0/4
Number of sculleries 0.0662 0.2495 0/2
Storage in the attic (=1 attic for storage is pn€se 0.0726 0.2595 0/1
Practice inside (=1 part of the property can beldsea practice at home) 0.0065 0.0801 0/1
Carport (=1 if carport is present) 0.0222 0.1473 0/1
Single car garage (=1 if single car garage is pr¢se 0.0846 0.2782 0/1
Multi car garage (=1 if multi-car garage is pre$ent 0.0072 0.0843 0/1
Maintenance of the house (1=bad, ....,9=excellent) o747 0.9188 1/9
Number of isolation materials used 1.3043 1.5945 0/5
Ground rent (=1 if the land is not part of the prdp) 0.1947 0.3960 0/1
Permanent (=1 in case of permanent residence) 0985 0.1211 011
Partly rented (=1 if part of the house is rentetj ou 0.0013 0.0367 0/1
Population density within the neighborhood (in 1@@0 knf) 7.1094 49077 0/24.45
Percentage of non-western immigrants in the neigdiduml 15.8488 15.085 0/80
Average real disposable income per inhabitant par within the 10.7163 3.0911 0.46/37.49
neighborhood (in €1000)
Elevation level (in m) -1.46577 1.6519 -6.20/7.30
Monthly trend (=1 January 1996,...., =132 Decemb@&620 75.8370 36.645 1/132
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