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Abstract
Although many researchers have investigated theevafl open space in cities, few of them
have compared them to the costs of providing thisrity. In this paper, we use the
monocentric model of a city to derive a simple dwestefit rule for the optimal provision of
open space. The rule is essentially the Samuelsodition for the optimal provision of a
public good, with the price of land as the appragrindicator for its cost. The condition is
made operational by computing the willingness tg foa public and private space on the basis
of empirical hedonic price functions for three Dutities. The conclusions with respect to the
optimal provision of open space differ betweenttitee cities. Further investigation reveals
that willingness to pay for parks and public gaglerreases with income, although not as fast

as that for private residential space.
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1 Introduction

It is generally recognized that market failures arternal effects abound in urban economics
(see, for instance, Anas, Arnott and Small, 1988),it is often not completely clear how
effective various possible measures are in impipvésource allocation. A specific example is
the evaluation of spatial planning policy, whictais almost universally an important part of
urban policy. Although economists have paid attentd various aspects of spatial planning
(see, for instance, Fischel (1985) on zoning) meohains to be learned.

This paper focuses on one aspect of spatial plgnmithin cities: the provision of open
space in the form of parks and public gardens. &laes generally considered to be important
amenities and many studies have confirmed themifsignce for the well being of urban
residents, usually on the basis of hedonic prigdiss. A glance at the literature suggests that
most studies stop after having established thésstally significant benefits are present.
However, for a complete cost-benefit analysis vee aleed to assess the costs of these
amenities. In this paper we make an attempt todhice the cost side into the analysis by
deriving a cost-benefit rule that can be made djmral by means of hedonic analysis. We
apply this result to the provision of open spacthiee large cities of the Netherlands.

In the densely populated Netherlands, spatial phenimposes tight restrictions on land use
throughout the country, but especially on the waspart, which is the economic centre.
Probably the best known feature of Dutch physitahiping is the prolonged attempt to
preserve the polder landscape in the so-calledri@eart of the country’s economic core
region, the Randstad. As a consequence, the titibat part of the country are more compact
than they would otherwise probably have been. Réist spatial planning tends to increase the
price for available residential land and this sespes demand for space. Moreover, lot sizes are
determined by local governments who experienceredimitations in designing land for new
residential construction. This puts pressure ongta devote substantial amounts of land to
parks and public gardens and may also cause aleltilsizes to be even smaller than demand
at the prevailing land prices would suggest. & iori unclear what this situation implies for
the valuation of open space within cities. The gues on the supply of private land may
increase the willingness to pay for this commodéative to open space. It is, however, also
conceivable that parks and public gardens functitmsome extent - as a substitute for the
consumption of private land, which would suggeat the willingness to pay for this amenity
increases as a consequence of the overall scafaiggidential land.

Recently, there has been some debate in the Natldsrhbout the appropriateness of the
currently provided amounts of open space in urlvaasa A recent white paper, the ‘Nota
Ruimte’ (VROM, 20086) states that at least 75ahgreen space should be available within 500
meter of each dwelling. This number is motivatedh®/importance of green space for



recreational purposésn reality, usually less green space is avail@bte urban areas of the
Netherlands. Of the 30 largest cities in the Né#mgls, Dordrecht appears to be the only one in
the Randstad that satisfies the target of the v@feer (Bezemer and Visschedijk, 2003). Even
though it is unclear on which evidence the norngatigures in the Nota Ruimte has been
based, it has been argued in reaction to the whiper that a 500 m distance is hard to
overcome by many elderly people and children, &atl300 m would be more appropriate
(Raad voor het Landelijk Gebied, 2005). In the abseof a cost-benefit analysis of the
provision of open space within cities, the sigrafice of such statements is, of course, hard to
judge.

Questions concerning the appropriateness of thégioo of open space are not specific to
the Dutch context. They arise in every city. Thexists an international literature on the value
of open space, which has recently been reviewddtci@onnell and Walls (2005). This paper
concentrates on the provision of open space witti@s. Even though we recognize (as will be
clear from the previous paragraphs) that this neeta relationship with the preservation of
open space surrounding cities, open space witligsawill be dealt here as an important
subject in its own right.

Our analysis of open space within cities is rekfnclose to that presented in Cheshire and
Sheppard’s (2002) as an element of their welfaom@wmic analysis of the broader concept of
land use planning. We follow them in their adoptadrthe monocentric model as a useful
framework for the analysis and in their use oftikeonic price function as the main tool for
making the theory operational.

This paper is organized as follows. In the nextisecwe provide a theoretical analysis of
the provision of open space as a neighbourhoodfgppublic good in the context of the
monocentric model. Section 3 presents our estinatashedonic price function for the three
largest Dutch cities. Section 4 is devoted to &hiranalysis of the demand for open space and

residential land. Section 5 concludes.

1 VROM (2006), p 88.
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2.1

A framework for cost-benefit analysis

In this section, we develop a model for a monodewtty in which a benevolent planner
provides open space by means of spatial plannitigypdhe model is outlined in 2.1 and the
policy evaluation question is considered in 2.ZtfBa 2.3 discusses the suggested cost-benefit

rule and its operationalization and applicabilityéal world circumstances.

The model

We consider the demand for open space in a monaceity, which is the workhorse of urban
economic analysis (see, for instance, Fujita, 188%n exposition of the model). The variant
of the model we use has a homogeneous populatibaugfeholds who derive utilityfrom the
consumption of residential largl a composite consumption goo@nd open spacg We
assume that all households living close by hawe diecess to this open space and will therefore
treat it as a local public good. To do so, we viBe/city as consisting of a number of
neighbourhoods, indexed bynd we ignore differences in the distance to ityecentre
between different locations in the same neighboooih@he available open space within a
neighbourhood contributes to the utility of all &ffitants, but not to the inhabitants of other
neighbourhoods. A household takes the availableuatraf open space in the neighbourhoods
as given.

The utility function of the household is:

u=ulhy,c,S)- (2.1)
and the budget restriction:

y=pily +6G +tx, (2.1)

with y denoting household incomg,the price of land in neighbourhogd the commuting cost
per unit t of distance, anglthe distance between neighbourhoaahd the city centre. We have
normalized the price of the composite good to lusetolds maximize their utility by choosing
a neighbourhoodand thereby determining their optimal consumptibhousing and the
composite good. The price for land in the neighboods adjusts in such a way that in every
neighbourhood the same level of utility is reached.

It is well known that the equilibrium rent level tine city can be described by a bid rent
function. A bid rent function gives the maximum ambof money a household is willing to
pay for one unit of land when it has to reachiytiévelu* and income, unit commuting cost

and the available amount of open space are givemddly, the bid rent functio)/ is defined

for each neighbourhoddas:



2.2

Y~ _C(U*l hi. S )J (2.2)

oo

where C(1) denotes the amount of the composite good thatiaefimld must consume in order
to reach utilityu* conditional on housing consumptibpand open spac§ 2 The first order

condition of the maximization in (2.3) implies:

oClu*, hy,
ol v y1.5)=- 20U NS) -
i
This equation states that the value of the bid fitamttion equals the household’s marginal
willingness to pay for land. In a market equilibriwall households have the same gross income
and reach the same utility level and are therefarthe same bid rent curve. The value of this

bid rent curve is then equal to the price of land

Optimal provision of open space

The amount of land available for residential pugso@R ) and parks or public gardens J$n
neighbourhood is L; . For simplicity we take this amount to be equadil neighbourhoods.
(At the end of the next section we will relax thssumption.)
To study the optimal provision of open space indity we introduce a planner who maximizes
the value of the social surplus generated by the This surplus is defined as the difference
between the total amount of income earned in theand the costs that have to be made to
enable its inhabitants to reach a given utilityelay*.

The social planner chooses R, and S such that the value of the social surplus of each

neighbourhood i%$) is maximized, while taking into account the doaisit:

R+S =L. (2.4)

The social surpluSSof the city is the sum of the social surplusealbheighbourhoods:

SS= Zss ZZ{%[y_tXi -Cl b, s)-(R +s )pagr} (2.5)

% The value of C ([Jis found by ‘inverting’ the equation ur = U(C, h, S) with respect to c. It is not difficult to verify that
dC/0h is equal to (6u/0h)/(0u/6c).



2.3

with p29" is the price of agricultural land.

First order conditions are:

_0C _y-tx -C(u*, h.S)

oh h; (26)
y—tX _C(U*’ hi,S ) _ agr
h =P U (2.7)
R[_0C|_ jaor,,
JES—

In these equationg; is the Lagrange multiplier associated with coristré2.6). We can easily

remove it by combining the last two conditions as:

Rf_oc)_y-ts-Clrh.S) (2.10)
hi {05 hy
Equation (2.10) is a Samuelsonian condition foraptmal provision of a public good. The

number of households in neighbourho@gjualsr /h, and the left-hand-side therefore gives

the total marginal willingness to pay for open sphyg all households. The right hand side is the
opportunity cost for providing open space, which(®.7), equals the willingness to pay for
residential land. In the context of a market ecopdinis willingness to pay is equal to the

market pricep, for residential land in neighbourhoad

We assume that a neighbourhood will be developesherter it contributes to the total
surplus of the city, that is, whenever the valuéhefland in residential use (the provision of the
appropriate amount of open space included) exdézdalue in agricultural use. This is similar
to the way the boundary of the city is determinechibnocentric models where no

neighbourhoods are distinguished.

A cost-benefit rule

The derivations of the previous subsection suggestatively straightforward cost-benefit rule
for the provision of open space. Open space shmifgrovided until the sum of the marginal
willingness to pay of all the inhabitants of a fdigurhood is equal to the market value of

residential land in the neighbourhood:
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It should, of course, immediately be noted thathegithe willingness to pay for open space nor
the market value of residential land is directlgetvable. Open space is a public good for
which no market price exists and urban residetdiad is in practice almost always traded
jointly with the houses constructed on it. Fortehgtboth problems can be solved by the
hedonic method.

To see this, observe that in a market equilibrimerg household must reach the
equilibrium utility levelu*. This requires that a hedonic price functip(h, S, x) emerges that
facilitates such an equilibrium. The budget retiic of a household can then be written as

y—tx=c+P(h,S,x), and we can substitute it in the utility functimnwrite the condition for a

market equilibrium as:

u(y —tx—P(h,S,x),h,S) =u*. (2.12)

Even though this hedonic price function is onlyided in our model for a finite number of
neighbourhoods, we may reasonably conjecture teataoth function exists that takes on the
same values as the actual hedonic function faredghbourhoods and is also defined for other
possible combinations ¢f S andx. Since small changes Im S andx should not change

utility, this more general smooth hedonic pricediion must have:

ouf_oPy,ou_g (2.13)
d h) oh

ouf_oP) ou_g (2.14)
ac\ os) os

"_”[-t-"_P - 0. (2.15)
oC o0x

It follows immediately from (2.13) that the part@grivative of the hedonic price function with
respect tdh is the marginal willingness to pay for residentiid, and from (2.14) that the
partial derivative of the hedonic price functiorthviespect to S is the marginal willingness to
pay for open space. Equation (2.15) shows the fangtoperty that the house price should

contain a compensation for commuting cbst.

% In a market equilibrium, the price for land P(x) that we used above, should be interpreted as the partial derivative of the
hedonic price function, aP/ah , evaluated at x and at the given amount of open space S(x).



The version of the cost-benefit rule (2.11) thdt tae used in our empirical work is

therefore:

[-E)(-2), .
S o

whereN; denotes the number of households in neighbourhaad the willingness to pay for
open space and for residential land are computeddans of a hedonic price function.

Even though we derived (2.16) in the context ofegpte monocentric model that
incorporates a number of assumptions whose embiigvance can be questioned, it is useful
to note that it is robust to relaxation of a numbkethese assumptions. For instance, if lot size
or housing consumptiamis fixed or predetermined (by history and highustinent costs) there
will still emerge a hedonic price function thatasishes the equilibrium (2.12) and equations
(2.13)-(2.15) will be valid. Moreover, a housing et equilibrium as implied by (2.12) will
also emerge if there is an urban growth boundahghvcauses land prices at the boundary of
the city to exceed the value of agricultural lafidese observations are of particular importance
for the situation in the Netherlands where, as ateadin the introduction, restrictive spatial
planning may well have resulted in house pricesdhahigher and lot sizes that are smaller
than market forces would suggest. Even in theseiistances, a social planner should provide
open space until condition (2.16) is satisfied.

If the city is populated by groups that differ ivetr preferences for residential land and
parks and public gardens, condition (2.12) mustdiil for the set of neighbourhoods in which
members of the same group reside and egs. (2.11F)(&lIso follow. In such circumstances the
provision of open space per neighbourhood shouladiested to the tastes of its inhabitants
and condition (2.16) remains valid. As we will sedow, our data suggest that there is
considerable heterogeneity among urban households.

To check for the appropriate provision of open spane should compute the partial
derivatives of the hedonic price function and Ut to see if equation (2.16) is satisfied. This

is the essence of the empirical analysis thatialo



3.1

Estimation of hedonic price functions

We start this section with a brief review of exigtiliterature and some further remarks on the
Dutch context. Then we introduce the data that seefar estimating the hedonic price

functions and present the results.

Existing literature

The value of open space has been studied intepsivel the past decades. For instance, an
early study by Brown and Pollakowski (1977) findattpublicly accessible open space in
lakefront communities in the Seattle area has @ipe®ffect on house prices: the greater the
open space around a house, the higher the pricdsalequal. House prices decrease with
distance from the lakefront and are lower if a leodses not have a lake view. Many other
studies have been published since then, and McQamWalls (2005) provides a useful
survey of this still growing literature. Even thduig recent years interest in stated preference
analyses for the valuation of open space has isetkdhe standard approach still appears to be
the elaboration of a hedonic price function for $iag.

The fundamental observation underlying the hedoréthod is that the value of open space
is revealed in the prices of houses in its vicinity shown in equation (2.14) above. If people
attach value to the proximity of open space, thsy attach a higher value to a house that
provides this amenity. They are therefore willingoid more for such a house. Rosen’s (1974)
original analysis concerned a market with perfechpetition, but the suggested methodology
for investigating consumer demand is equally applie under alternative market conditions
(see e.g. Bajari and Benkard, 2005).

Since a recent survey of the international liten@ten the valuation of open space is
available, we will only briefly discuss a few staslifor the Netherlands, to which our empirical
work refers. Luttik (2000) studied a limited numloérelatively small areas and found that a
view on open space increases the value of a hoitisé&wo 12 percent. However, she reported
that it was much more difficult to demonstrate affect of a park or a recreational area
bordering the residential area. For only two oféight areas she examined significant
coefficients for these variables were found. Vissad van Dam (2005) analyzed the housing
market in the Netherlands as a whole and focusdgtienontribution of environmental and
neighbourhood characteristics to house price diffees. These authors report positive and
significant effects of the presence of a park withd meters, and of the percentage of land
considered as parks in the neighbourhood. ThesehBtiidies therefore suggest that effects of
open space on house prices operate especiallgoralhspatial scale, which confirms findings
of the international literature. For instance, @ufl1999) reports that a distance of a few blocks
decreases the effect of living close to a majok paiCardiff (Wales) on the property values by

50 percent. This suggests that the effect of opaneson house values may become negligible
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3.3

for distances well below the 500 m used in the Butbite paper mentioned in the

introduction.

The Dutch context

Traditionally, the Netherlands has a large shaggublic housing. Especially in the large cities
the share of the rental sector is substantial. SR&mt controlled, and their values are determined
by a system of points that takes little accoumeifjhbourhood amenities. For this reason it
makes no sense to carry out a hedonic price asadysiental housing. Hence, we focus on the
owner-occupied sector. Currently the large Duttiesi where the rental sector is
overrepresented, are putting much emphasis ondtieactiveness for higher income
households which tended to move to suburban regidresy do so by constructing more luxury
housing, and also by paying more attention to udraanities, open space being an important
example.

The majority of the transactions on the housingk®aaconcern existing houses and here it is
evident that floor area and most of the housingaittaristics have to be taken as given by a
buyer, as well as the presence of parks and gar@emslata refer to Amsterdam, The Hague
and Rotterdam. Since the housing stock and theigpoovof open space in these three cities
differ for historical reasons we expect the hedgmice functions for these cities to be different.
For instance, the 1'7Zcentury inner city of Rotterdam was destroyechim $econd World War,
whereas many elements of the inner city of Amsterdtll date from that period. Moreover,
Amsterdam and Rotterdam experienced very fast grawthe 18 century due to rapid
industrialization, whereas the growth of The Hagias more gradual and related to its status as
the residence of the national government.

As we noted in the previous section, the constsaiesulting from such differences in the
historical development of the housing stock dopretwent the emergence of a market
equilibrium in which marginal prices correctly rev¢he marginal willingness to pay for these

characteristics and amenities.

Data

The data we use are provided by the Dutch Associaii Real Estate Agents (NVM) and
concern housing transactions in the year 2000hdilises sold by NVM-real-estate agéris
the three major Dutch cities Amsterdam, The HagueRotterdamin that year are included in

4 Of all the houses sold in the Netherlands, 65-70 percent are sold by NVM real estate agents.

® Municipalities that are adjacent to Amsterdam, The Hague or Rotterdam are not included in this analysis. Also postal areas
in which there are no housing transactions by NVM- brokers in the year 2000, are not included in the analysis. Most of the
harbour regions in Rotterdam and Amsterdam are therefore not included in the analysis. We skip Rijnpoort (Hoek van
Holland), a part of Rotterdam that is not adjacent to any other area of Rotterdam.



the data base. The variables include the tramsaptice and numerous structural
characteristics, for instance, floor area, volumenber of rooms, and location.

To be able to investigate the effects of land ngheé vicinity of the sold houses, we added
information about land use. The relevant informatieas acquired from Statistics Netherlands
(CBS) that provided an integrated data set contgiitiformation about 38 types of land use on
grid cells of 100 by 100 meter. For the purposethefpresent paper we used information about
five categories of land use:

1. Parks and public gardens

2. Agricultural land

3. Industrial area

4. Service area (shops and public facilities)

5. Open water.
Each of these categories are aggregates of sothe 88 basic types of land use distinguished
in this data base. Parks and public gardens adettawhich public access is explicitly or
implicitly provided: it includes, besides parks gnblic gardens, also forest and water with a
recreational function, for example a yacht-basiduktrial area includes building land. Service
area consists of shops and social and culturdltfesi The last category, called ‘open water’,
indicates canals and the lake 1J in AmsterdamNibreh Sea in The Hague and the river Maas
in Rotterdam.

Figure 3.1 Percentage parks and public gardens in three Dutch cities

Amsterdam Rotterdam

ﬁ’?’eﬁ{\
SIS
A

The Hague Percentage open space

[] ots%
[] st1w0%
[] 10t015%
[] 15t020%
[ 20t025%
] 25t030%
[ 30t035%
] s5t0100%
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3.4

Figure 3.1 shows the spatial distribution of paake public gardens over postal code areas in
the three cities. It shows that there is a conaidleramount of variation in this amenity in each
of them. In Amsterdam the highest scores are inesegstern and south-eastern postal code
areas that are generally regarded as problem areasest known park in Amsterdam is the
Vondelpark, which is located to the southwest ef¢hnal area. The surroundings are generally
regarded as a highly attractive residential are&dtterdam the highest score is associated with
the area surrounding the Kralingse Plas. The Hagsea small forest close to the central
station, while there is also a considerable amofigteen open space in the dunes and
especially in the area between the former fisherillage Scheveningen and the former edge
of The Hague. These area, as well the Kralingse &la generally regarded as attractive
residential locations. In this respect these ciism to be somewhat different from

Amsterdam.

Specification and estimation of a hedonic function

We use three types of explanatory variables: siratvariables, amenities and other locational
variables. The structural variables include thentjtetive variables volume and floor area.
Categorical variables indicate the age of the hailgepresence of a gas heater (revealing the
absence of central heating), a garage, a gardemuttmber of rooms, the type of house (of
which apartment is taken as reference), the maanisnquality of the house (bad maintenance
is taken as reference), and the status of a hauaer@nument.

The second set of explanatory variables concembttation of the house. We included the
distance of the house to the city centre (the lonaif the central station was taken as the
centre), the ethnical composition and the poputadiensity of the area in which the house is
located® We have also included neighbourhood dummies. fipitance of taking into
account these effects in studying the value of ggeerte has recently been stressed by
Anderson and West (2006).

Because we know the exact location of the housevere able to obtain information about
the amount of amenity variables in the vicinitytloé house. Of each grid of 100 by 100 meter
in which the house is located, the percentageraf taken by this amenity was computed. That
is, for each grid we calculated the percentageadfpand public gardens, agricultural land,
industrial area, services area, and amount of whteur baseline specification we took the
average of these percentages over the grids vatbistance of 500 meter from the house as the
explanatory variables. Other specifications, taliseussed below, measured this amenity at a

different spatial level.

® Note that the variables ethnical composition and population density are included on a much smaller scale than the
neighbourhood dummies.

" The neighbourhood dummies control for a number of effects that may be hard to observe and/or difficult to measure in
other ways. For instance, they should be expected to control for differences in accessibility that are related to the interurban
road network.
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In the course of the year 2000 Dutch house pritereased considerably. Since our
database informs us about the transaction, dateese able to control for changes in the price
level by including monthly dummies.

In comparison with other studies our data baskelis First of all we are able to estimate
separate equations for three different cities. 8eécae are able to control for unobserved
differences in urban areas by neighbourhood dumrkieslly, the locational variables and
amenities could be determined for each house sepam at a very detailed spatial level.

We use a spatial error model to deal with spatigdeorrelatiofl. To be able to do so, the
distances between all houses in our data baseaserputed. For distances smaller than 1
kilometre we used the inverse of the distance @sq@d in meters) as the relevant weight and
we scaled the weighting matrix. Estimation proceolethe GMM approach of Kelejian and
Prucha (1999). We also estimated a spatial lag mdtle spatial lag parameters are small and
the coefficients for open space and floor areandidchange much. Because the welfare
interpretation of a spatial lag model is not stnéfigrward (sse, for instance, the discussion in
Small and Steimetz, 2007), we do not report thelt®sand concentrate on the spatial error
model.

We removed all observations that referred to a @@asitaining less than 106 mnd we
excluded 0.5 percent of the remaining observatidribe highest and lowest values of the
transaction price and floor area of each city. Olbgervation, that concerned a house that was
located more than 1 km of all other houses in @ta,dvas also excluded.

Our baseline specification has the logarithm oftthasaction price as the dependent variable.
Table A in the Appendix gives a brief descriptidrah the variables that we use, table B
provides descriptive statistics. The estimatiomltesare presented in Table 3.1.

Structural attributes appear with expected signaedn general statistically significant in the
three equations. Capacity and floor area havet&pharly strong effect on the house price.
Well-maintained houses — a qualification that isvided by the realtors — sell at significantly
higher prices.

The three locational characteristics reported inl@8.1 all have the expected sign and are
statistically significant. Note that we also coffigd for neighbourhood characteristics by

introducing a series of dummies, although theinegted coefficients are not reported.

8 The coefficients of the explanatory variables estimated by the spatial error model are almost identical to those obtained by
the OLS regression, as should be the case under standard assumptions.

° The coefficient of the spatial lag is 0.035 for Amsterdam, 0.060 for The Hague and 0.0010 for Rotterdam. The coefficient
for parks and public gardens slightly decreases in Amsterdam and The Hague but increases in Rotterdam.
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Table 3.1 Estimation results of hedonic price functions for three Dutch cities

(1a) (1b) &) 3

Amsterdam Amsterdam The Hague Rotterdam
Structural characteristics
Log (m?) 0.487 (0.019) 0.482 (0.017) 0.417 (0.028) 0.453 (0.041)
Log (floor area) 0.315 (0.017) 0.315 (0.022) 0.399 (0.025) 0.324 (0.036)
No central heating - 0.069 (0.010) - 0.069 (0.010) -0.078 (0.011) -0.138 (0.025)
Garage 0.114 (0.019) 0.108 (0.019) 0.051 (0.020) 0.099 (0.031)
Garden 0.039 (0.009) 0.039 (0.009) 0.216 (0.011) 0.044 (0.023)
Number of rooms 0.018 (0.004) 0.018 (0.004) 0.033 (0.005) 0.017 (0.008)
Terraced house 0.085 (0.015) 0.092 (0.015) 0.093 (0.016) 0.061 (0.031)
Detached 0.153 (0.049) 0.166 (0.048) 0.239 (0.077) 0.133 (0.075)
Semi-detached 0.042 (0.043) 0.048 (0.043) 0.006 (0.043) 0.090 (0.055)
Monument 0.044 (0.018) 0.047 (0.018) 0.238 (0.054) 0.126 (0.111)
Maintenance good 0.119 (0.011) 0.118 (0.011) 0.126 (0.011) 0.125 (0.024)
Locational variables
Distance to city centre - 0.090 (0.004) - 0.084 (0.005) -0.021 (0.005) - 0.048 (0.007)
Percentage ethnic minorities —0.006 (0.000) - 0.006 (0.000) - 0.005 (0.001) —0.002 (0.001)
Population density - 0.006 (0.001) - 0.004 (0.000) -0.007 (0.001) - 0.007 (0.003)
Amenities
Percentage parks, public gardens 0.002 (0.001) 0.000 (0.001) 0.009 (0.001) 0.006 (0.001)
Percentage Vondelpark 0.007 (0.001)
Percentage agricultural 0.001 (0.001) 0.001 (0.001) —-0.002 (0.001) —0.002 (0.001)
Percentage industrial area —0.002 (0.001) —-0.001 (0.001) —-0.002 (0.001) —0.006 (0.001)
Percentage service area 0.002 (0.001) 0.001 (0.001) 0.008 (0.001) 0.004 (0.001)
Percentage open water —0.002 (0.001) 0.000 (0.001) 0.005 (0.001) 0.005 (0.001)
R? 0.89 0.89 0.90 0.87
Autoregressive par. 0.32 0.32 0.35 0.40
a 0.17 0.17 0.21 0.22
N 3868 3868 4417 2334

Note: The equations also contained controls for year of construction (before 1905, 1906-30, 1931-44, 1945-59, 1960-70, 1971-1980,
1981-1990), month of sale and for neighbourhoods (14 in Amsterdam, 7 in The Hague, 9 in Rotterdam). Full estimation results are
available from the authors upon request. Standard errors are given in parentheses.

The coefficients for parks and public gardens —chlare of key interest in the present study
are significant and of the expected sign in akéhcities. This confirms our expectation that
open space has a positive value for urban residartsusehold living in Amsterdalthis on
average willing to pay 401 euro for a one perceatdase of parks and public gardens in the
500 meter circle around the house. In The Hagueviiegness the pay for this amenity is
equal to 1455 euro and in Rotterdam 987 euro. De#ficient that has been estimated for
Amsterdam in column (1a) is much lower than thatlfie other two cities. Closer examination
of the results suggested that it is caused by bgéeeity in the valuation of parks and public
gardens in Amsterdam. In column (1b), we distiniguie effect of the Vondelpark, the best
known park of Amsterdam, located close to the eeotithe city, from that of all other parks

10 Strictly speaking we should note that our results refer only to households who bought a home in the year 2000.
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and public gardens. The results reveal that moiteopositive effect of open space in
Amsterdam, as shown in column (1a), was causetéyondelpark, whereas the effect of
other parks and public gardens appears to be rigglighe coefficient for the Vondelpark is of
the same order of magnitude as the coefficienof@n space for The Hague and Rotterdam,
whereas that of the original variable is now vanalf and insignificant.

As written in section 3.3, the postal areas in &ad@m and The Hague with a high amount
of open space are regarded as attractive resitlangias. In Amsterdam however, the postal
areas with a high score of open space can be dj@asiproblem areas, like The Bijlmer and
Slotervaart! A possible explanation is that the valuation cémgpace depends crucially on
the pleasure you experience when visiting it. Tiéasure is diminished by a — real or
perceived — lack of social safety. This, and relagspects seem hard to measure objectively,
but may well affect the estimation of our hedonice function. It might explain the fact that

the effect of parks and public gardens in Amsterdapart from the Vondelpark, is negligible.

The presence of industries in the vicinity of a $edecreases its value, the presence of shops
and social or cultural activities increases itaieaResults for the other two amenities are less
clear, however.

We experimented with several alternative specificet Using the inverse of the squared
distance in the spatial weight matrix did not cleattge results. We have estimated the
equations with the percentages open space andatiesrities within 200 m, 300 m, 500 m and
1000 m circle around the house as explanatory bi@s&’ The estimated coefficients for the

percentage parks and public gardens are repor{€alile 3.2.

Table 3.2

Coefficients for open space for different specifications of the variable

(1) Amsterdam
(1a) Amsterdam
Vondelpark
(2) The Hague
(3) Rotterdam

100 m circle

0.0016 (0.0003)
0.0004 (0.0003)
0.0045 (0.0006)
0.0050 (0.0003)
0.0039 (0.0005)

300 m circle

0.0018 (0.0004)
0.0003 (0.0004)
0.0060 (0.0007)
0.0072 (0.0004)
0.0052 (0.0006)

500 m circle

0.0017 (0.0005)
0.0001 (0.0006)
0.0073 (0.0010)
0.0089 (0.0006)
0.0061 (0.0011)

1000 m circle

0.0009 (0.0006)
- 0.0009 (0.0007)
0.0080 (0.0009)
0.0123 (0.0006)
0.0088 (0.0008)

The figures in Table 3.2 show that the estimatedfdents for parks and public gardens

increase when we take a larger area around thesiowompute them. (Except for (1),

Amsterdam, and (1a), Amsterdam outside the Vondelpeea, although these variables are

insignificant.) At first sight these results migigpear to contradict our conjecture — based on

the earlier literature — of a strong distance dexfégct. However, it should be realized that a

* This evokes the question whether the positive Vondelpark effect is in reality a residential area effect. To investigate this
issues we added a dummy for the Vondelpark area. This resulted in an insignificant coefficient for the dummy, while that for

the Vondelpark hardly changed.
2 Our data do not allow the make a distinction between houses that have a view on the park, and houses that are located

close by a park, but do not have a view on it.
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given percentage of open space in a larger cingdiés a much larger area of open space. For
example, the amount of square meter of open spazeircle of 500 meter should be 2,7 times
more than the amount of open space in a 300 mietde,dn order to have the same percentage
of open space. To calculate the marginal pricanfewe have to divide the coefficient of open

space by the corresponding surface at&e marginal price of open space périsrequal to:

_ 100* coefficietgpenspace, b

MPopenspacémz) = (3.2)

surfaceara pricenouse

The value attached to a square meter of parkshdicpgardens decreases considerably when
we increase the ray of the circle within we meashiseamenity. This is confirmed by the

figures presented in Table 3.3.

Table 3.3 Mean marginal price for open space per m? for different specifications of the variable
100 m circle 300 m circle 500 m circle 1000 m circle
(1) Amsterdam 3.70 0.15 0.05 0.01 (ns)
(1a) Amsterdam 0.89 (ns) 0.03 (ns) 0.00 (ns) -0.01 (ns)
Vondelpark 10.73 0.51 0.22 0.06
(2) The Hague 8.44 0.43 0.18 0.04
(3) Rotterdam 6.78 0.32 0.13 0.05

Note: ns means ‘not significant’ at p=0.05

2 The surface area of the corresponding circle is approximated by including the surface area of the grids of which the radius
of the circle crosses. The differences between the surface area of a circle and the approximated surface area of a circle, are

however less than 2%.
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4.1

Demand for open space and land

Optimal provision of open space?

Estimation of the hedonic price function allowstawerify the validity of condition (2.16). The
willingness to pay for 1 frparks and public gardens within 500 meters ohitiese is equal to
0.05 euro for Amsterdam, 0.22 euro for The Haguwke@h8 euro for Rotterdam (see Table 3.3).
To calculate the total willingness to pay for oppace we have to sum the individual
household’s willingness to pay for open space tivertotal number of households living in the
corresponding area. The total willingness to pagp#n space, which is equal to the total
benefits of open space, is calculated by the nlidéifion of the total number of households

with the (individual) marginal price of open spatae number of households is positively
related with the size of the area; the larger frae; the larger the number of households will

be. The number of househol(is) is calculated by the multiplication of the averagenber of

households per hectara ( with the corresponding surface area per hectek® 000 A,
approximately 2.5 acres). As shown in equationid.talculating the marginal price of open
space per M we have to divide by the corresponding surfaea.afhe total benefits of open

space is therefore equal to:

TBoperspace: N* Mpoperspace

(4.1)

100* coefficier,
= (n* surfaceara)* [ OPeNSpacs PJ

10000* surfaceara

= () (coefficiemopenspace( Pj
100

with ndenoting the number of households per hectare,Raride house price. As shown in

equation 4.1 the size of the area cancels outrtdiculation of the total willingness to pay for

open space. The marginal prices of open space ppemnhectare per household for the three

cities are shown in Table 4.1, first column.

The results of the hedonic regression with resgetite willingness to pay of a household
for an increase in 1 hifloor area are presented in the second columrabfel4.1. The marginal
price of floor area is very high in Amsterdam, whionfirms the general impression that the
pressure on the housing market is strong in Amaterd’he high marginal price of floor area in
Amsterdam also coincides with the fact that theagye size of a house is smaller in
Amsterdam than in The Hague and Rotterdam (seePaBlin the appendix).

The implied price per hectare, which is the conieral unit for land transactions in the
Netherlands, is high. According to Segeren (20B&)maximum price for residential land
(ready for housing construction) is highest inphevince of Utrecht, where it is still below 5
million euro per hectare. For North-Holland, whémsterdam is located, 3.9 million is
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reported and for South-Holland, which includes Bathm and The Hague, 4.5 million. Even
though it must be taken into account that thesaréig refer to whole provinces and not
specifically to land in urban areas, it should demoted that house prices are high throughout
Utrecht, South Holland and the southern part oftiNbtolland* and that housing construction

is concentrated on sites close to existing urbaasarOur estimation results suggest therefore
that consumer’s willingness to pay for private specof the same order of magnitude as the
market price for residential land.

Table 4.1

Amsterdam
The Hague
Rotterdam

Willingness to pay for open space and floor area

(s @" @ @

Marginal price open Marginal price of floor Required number of Actual number of

space (m? per area (m?, per households (per households (per

hectare, per household) hectare) hectare)
household) [=(2)/(1)]

4.01 (1.38) 806 (42) 201 72

14.55 (1.04) 606 (38) 42 58

9.87 (1.79) 429 (47) 43 42

a: Standard errors of the marginal prices are given in parentheses.

b: Based on the marginal price of open space in a 500 meter circle around the house.

By dividing the willingness to pay for private spdoy that for public space, we find the
number of households per neighbourhood that isimedjto establish the equality in (2.16). The
results of this computation are presented in col@mand should be compared with the actual
(average) number of households per hectare irhtiee tities, which is given in column (4).
The conclusions with respect to the optimal prarisif open space are mixed. In
Amsterdam the actual number of households is faetdhan the number that is required to
meet the cost-benefit rule. This suggests thatthesiseholds would rather like to have more
private space and less open space. In The Haguethal number of households is higher than
the required number, which suggests that the pimvisf open space is below its optimum
level. In Rotterdam, the amount of open space its aptimunt®. As written in the previous
section, our data suggest that open space stiliges positive effects at distances larger than
500 m. We find an increase in the total benefiteg#n space when the radial of the circle at
which the effects of open space are measured|asgenl to 1 km, except for Amsterdam.

Although the marginal benefits of open space ddrtwean individual household decreases

* The northern part of North Holland is mainly agricultural. Amsterdam is located in the southern part, which also includes
towns like Haarlem, Hilversum and Hoofddorp (close to Amsterdam Schiphol airport) where house prices are also high.

*® Because the coefficients of parks and public garden differ with respect to the specification of the range at which the
amenity is calculated (Table 3.2), the total benefits of open space, and therefore the results whether the provision of open
space is optimal or not, also differ between the alternative specifications. When the benefits of open space are calculated at
100 meter of the house, in all the three the cities the provision of open space is above its optimum level. However, when you
consider the benefits of open space at 1 km circle around the house, the provision of open space is below its optimum in
The Hague and Rotterdam.
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4.2

when we enlarge the circle (see Table 3.3), thed tetlfare effect is positive because the

number of households increases.

We conclude with some caveats. An obvious and piatBnimportant one is that our approach
is only able to measure the value of open spadegheflected in house prices. This means that
we can — at best — only measure the value thataets of the area attach to this amenity. The
value that non-residents attach to the amenity Ingags relevant, especially in areas that attract
large numbers of tourists or where employees wgrklnse by go out for lunch. A second

issue is that we could not take into account therdwation of the quality of parks and public
gardens that may be caused by the continual pres#meople — for instance homeless people
—who (correctly or not) give the impression toesthisitors that the area is unsafe, not suitable
for playing children, et cetera. These problemsrstebe present in all large urban areas and
can result in substantial changes in the valuela¢hto public urban space (in extreme cases
this value may even become negative).

Demand for private and public space

To get more insight into the factors that drive msults, we would like to know how the
demand for parks and public gardens relates tanecand whether private and public space are
substitutes. Parks can perhaps be considered psdhenan’s alternative for a private garden,
and if true, this would suggest that demand fas #menity would decrease with higher
incomes. On the other hand it may be argued tipecgaly rich urban households, who live in
apartments close to the city centre, will apprectae presence of parks and public gardens and
that this amenity is important for attracting sinduseholds to urban residential areas. The
guestion whether and to what extent open spacéeansubstitute for private space is of
obvious importance for both rich and poor househalad has (at least potentially) implications

for the design of cities.

Rosen’s (1974) path breaking analysis of impliciirkets proposed a two stage procedure that
would provide answers to questions like these. Jd®c idea is that the combinations of the
observed housing characteristic or amenity anestsnated marginal price can be interpreted
as points on the demand curve for this charadeo$the households concerned. To find these
demand curves, he suggested a second stage inalysia. In this second stage of Rosen’s
procedure the marginal prices, which are estimiieie first stage, are regressed on the
guantity of the characteristic using instrumentgiables techniques.

After the publication of Rosen’s two-stage procedifrwas pointed out that the
identification problem associated with hedonic eramalysis was more serious than was

realized before. The problem is illustrated in Fegd.1. Line A shows the relationship between
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the marginal price of a characteristic (e.g. ogeace) and the quantity consumed of that
characteristic as implied by a hedonic price fiorctiAll combination of marginal price and
quantity on the line refers to the optimum of acsfi@ consumer and therefore to a point on the
demand curve of that consumer. However, if all comsrs are heterogeneous this is not helpful
in identifying the slope of their demand curvescisindividual demand curves are drawn as
dotted lines in the figure and it is clear thatitlséope cannot be inferred from the combination
of marginal price and quantity implied by the estted hedonic price function. Clearly,
unobserved heterogeneity among households cassg®as identification problem for

Rosen’s second stage that has plagued the empiripi@mentation of the hedonic mod®I.

Figure 4.1 Estimating demand for open space

marginal
price

quantity

Recent analyses have attempted to avoid this problestressing that the information provided
by the partial derivatives of the hedonic pricediions is sufficient to recover the parameters of
simple specifications of the utility functidh However, this approach is less suitable for

*® The identification problem was recognized by Bartik (1987) and Epple (1987) and the debate about its solution continues
until the present day. See, for instance, Palmquist (2003) or section 3 of Ekeland, Heckman and Nesheim (2002) for recent
discussions and proposed solutions.

" In particular, Bajari and Benkard (2005) argue that if the utility function for consumer j is specified as:

uj=c+ ﬂhj Inh+ ﬂsj In S, then the parameters can be recovered from the partial derivatives of the hedonic price function

through the first-order condition: Bkj/kj = 0P/0kj .k =h,S. The strength of this approach is that it takes full account of the

heterogeneity among consumers. The price to be paid is that with cross section data one can only consider utility functions
for which only one parameter of the utility function occurs in the marginal utility of each attribute. This is restrictive: the
specified utility function is quasi linear, implying that the demand for each attribute does not depend on the consumer’s
income, and additive, implying that substitution between attributes is restricted. Because of the probable relationship
between demand for open space and income and because we are interested in the extent to which open space can act as a
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investigating the effect of income on the demandpfovate and public space, and therefore we
returned to earlier attempts to solve the ideratfan problem through the use of instrumental
variables. Many suggestions have been made iriténature, but most of them did not survive
subsequent criticism (see, for instance, Palmg2@13, and Ekeland et al. 2002). One of the
few remaining possibilities is identification by ares of observations referring to multiple

markets (see, for instance Kahn and Lang, 1988).

Figure 4.2 Estimating demand for open space

marginal
price

b a quantity

To see how this works, return to the utility maxiation problem. The marginal willingness to
pay for open space follows from the first orderditions. Assume that this marginal
willingness to pay (or its logarithm) can be desed by a linear inverse demand function with

an intercept that is individual specific due to bserved heterogeneity:

oP

— =a+&-bS+cy 4.2)
oS

where a, b and c¢ are coefficients anis a random variable reflecting unobserved
heterogeneity. We assume thelhas expectation O and is independent of income eSom
examples of such linear demand curves are drawlasteed lines in Figure 4.1. The hedonic
price function implies that the marginal price gea space is a function of the amount of open
space itself (as well as other housing characiesjswhich we keep constant here). This gives a

second equation:

substitute for private space, this approach is not appropriate for the research questions in which we are interested in this
paper.
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oP
- i(s) (4.3)

Individuals sort themselves on the housing markethe basis of their observed and
unobserved characteristics and this introduce®ladion betweere and S. Indeed, we can
conclude from (4.2) and (4.3):

e=1(s)-a+bS-cy. (4.4)

This illustrates the difficulty of finding good ittements forSin a regression equation based on
(4.2). In such a regressianwill be part of the residual and (4.4) shows thatill in general be
correlated withS However, if we have information about separatekets, we may take

market dummies as instruments. The assumptiortttegiopulations in the various markets are
identical, which means that they have the samenpetexs of their demand functions and the
same distribution of the unobserved heterogeneitgllows us to estimate the parameters of
the demand function, as is illustrated in Figui2 4 this figure a second relationship between
marginal price and quantity of open space, refgriinmarket B, has been added. In B the
average marginal price of open space is highertteanin A, and the average quantity
consumed is lower, and this allows us to estimtagestope of the individual inverse demand
functions.

The basic assumptions of the approach we use areftine that the parameters of individual
inverse demand functions, including the distributad the unobserved heterogeneity, are
identical in both markets. Even though this imptiest the structure of demand is similar in the
two cities, the hedonic price functions, that repre market equilibria, may be different
because of differences in the composition of theshg stock. Such differences may have been
caused by the historical development of the citiiy dummies can therefore be used as
instruments for the amount of open space. In Figu2ehe average quantities of open space for
citiesA andB are been indicated asandb, respectively. IV Regression on the pooled
observations of both cities results in the lineéated ad in the figure, which has indeed the
slope of the demand curves of the individual hookih The extension to the case of three (or
more) markets and to other characteristics (likerflarea) is obvious.

The above, somewhat informal, discussion makes theathe IV approach that uses different
geographical markets, assumes that the populatiocensumers in the various cities are
comparable. In this respect the fact that the thitées to which our empirical work refers are
located in a small part of the Netherlands, which tountry with a relatively homogeneous
population, is probably an advantage. The assumpfia similar structure of demand in these
three cities is perhaps least appropriate for Ardar@ which is more cosmopolitan than the
other two cities. In the previous section we ndtexd the historical development of the three

cities — and their housing stock — was substapgtdifferent.
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4.3

The approach just discussed works also when thgingprice of open space depends on
other housing characteristics as well. Moreovememiestruments can be found by using
interactions of the city dummies and household atteristics, and we can investigate, for
instance, the effects of income and family compasion the demand for open space. In our

empirical work, reported in the next sections, wit wge this approach.

Estimation of the demand functions

The database we used to estimate the hedonicfpricons contains no information about
buyers of the house. We have therefore combinedethdts of the estimated hedonic price
functions with a different data base, the Housimgds Survey (in Dutch: Woning Behoefte
Onderzoek, usually abbreviated as WBO). This suivéneld every four years and we used the
2002 version. Even though the survey containsgelaumber of observations (more than

60 000), its national character and the low shamwmer-occupation in the large Dutch cities,
result in only a few hundred observations thatlmamwsed in each of these cities. The WBO
data contain the self reported value of the hofiskeorespondent, floor area, as well as the
code area of the house. Our hedonic price funétigoies that the marginal price of an increase
of one percent open space, is equal to the estiheatefficient for open space and the
transaction price of the house; the marginal poickoor area equals the estimated coefficients
for floor area, divided through the floor area, amdltiplied by the house price. Since house
price and floor area are included in the WBO, we ese the results of the hedonic price
equation (the coefficients for open space and ftoen) if these two variables (house price and
floor area) are equivalent in the NVM and WBO data.

Using this assumption we estimated demand equdfiiorapen space and floor area. We
pooled the observations for the three cities. D@ number of observations is 1671, which is
considerably smaller than the number of transastioa used for estimation of the hedonic
price functions in either of the three cities. Blesi income, we also include other households
characteristics like the number of children, numiifeaidults and age of the head of the
household® We used the dummy variables Rotterdam and The ¢laginstruments. The
results with respect to the demand equations aersin Table 4.2.

Column (1) and (2) show that both inverse demandtfans are downward sloping, and
that the slope is statistically significant, asugjgested by economic theory. Income has a
significant positive effect on the demand for ogpace as well as on the demand for floor area.
It shows that parks and public gardens is not ferior good, and that the demand for open
space for both rich citizens as for poor citizensriportant. Current attempts to make Dutch

cities more attractive to high income householdsikhtherefore not neglect the importance of

1 Including these variables helps to avoid the potential problems associated with correlation between income and the
unobserved heterogeneity among consumers. For instance, it is well known that households with children on average have
a somewhat higher income than those without children.
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this amenity. The income elasticity of the demaordopen space can be computed on the basis
of the results presented in Table 4.2 and is eudl25. The income elasticity for floor area is
computed similarly. It is somewhat higher and es@aB4*°

The variables number of children, number of adaittd the age of the head of the
households also have significant positive coeffitde This means that an increase in the
number of children (or an increase in the numbexdofits in the households), leads to an
increase in the demand for open space and floar @ree older the age of the head of the
household, the higher the demand for open spacf@rdarea.

Table 4.2 Inverse demand functions for open space and floor area
Log (marginal price open space) Log (marginal price floor area)

@ @ (©)
Constant 3.222 (0.802) -0.015 (0.746) -0.407 (0.914)
Log (income) 0.344 (0.080) 0.699 (0.080) 0.737 (0.097)
Number children 0.107 (0.039) 0.168 (0.040) 0.196 (0.051)
Number adults 0.114 (0.059) 0.126 (0.049) 0.157 (0.060)
Age head household 0.023 (0.003) 0.014 (0.003) 0.014 (0.003)
Percentage open space -0.154 (0.023) 0.030 (0.021)
Floor area -0.014 (0.002) -0.016 (0.011)
N 1671 1671 1671
Log likelihood - 2916 - 2204 - 2462

The coefficient of the cross effect of open spacetlte inverse demand for floor area is
insignificant, as reported in column (3). Our ddiarefore do not suggest that making more

open space available in the city will significantgduce the demand for private land.

*® The income elasticity is calculated at the mean percentage of open space, which is equal to 8.85 percent, and at the
mean of floor area, which is equal to 147 m?.
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Summary and conclusions

Dutch land use planning — and particularly itsragteto preserve open space outside cities —
has general support among the population. Théitésdoubt that this policy has contributed
significantly to restricting urban sprawl in thenteal part of the Randstad (the so-called Green
Heart), which is appreciated by many people. Thesebeen less attention for the potentially
disadvantageous side effects that come in the &rhigh building densities, high house prices
and more pressure on open space within these Isoreiinvestigation into the value attached
by Dutch citizens to residential space and openespathin cities seems therefore appropriate.

In this paper, we investigate some important welfspects of a specific spatial
planning measure, the provision of open space withiies. We use the monocentric model of
the city to derive a simple cost-benefit rule foe bptimal provision of open space. This rule is
essentially the Samuelson-condition for the optipralision of a public good, with the price of
land as the appropriate indicator for its cost. ¢tedition has been made operational by
computing the willingness to pay for public andvpte space on the basis of empirical hedonic
price functions for three Dutch cities. In Amstargalrhe Hague and Rotterdam the presence of
parks and public gardens within the vicinity of theuse increases the value of the house. This
means that households are willing to pay more fooiase if the house is located in a
neighbourhood with open space. Less surprisingalsotimportant, is the fact that households
are willing to pay more for a house if the flooearof the house is larger. Of the three
investigated cities, the city of Amsterdam hashiyhest price per fifloor area. This is in line
with the tight housing market situation in Amsterdand with the fact that the average floor
area of the house is the smallest of the threescifihe willingness to pay for open space is
lowest in Amsterdam. The quality of open space senave an influence on the willingness
to pay.

The conclusions with respect to the optimal priovi©f open space in the three cities
are mixed: in Amsterdam, this amenity appears tovaesupplied in the current situation. This
confirms similar results obtained by Cheshire ahd@pard (2002) for the provision of
accessible open space in an English situationhthnHague, however, the amount of open
space is below its optimum level, whereas in Rd&er open space is at its optimum level.
These results are conditional on the use of a 5&@mnadius for the effect of open space, as is
current practice in Dutch spatial planning.

Further investigation revealed that the willingnés pay for parks and public gardens

increases with income, although not as fast adftiatrivate residential space.
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Appendix

Table A.1
Variable name

Transaction price
Capacity

Floor area

Year of construction (8x)

Gas heater

Garage

Garden

Number of rooms
Terraced house

Free standing
Semi-detached
Apartment

Monument house
Maintenance good
Maintenance bad
Distance

Percentage ethnical
minorities

Population density
Neighbourhood dummies
Month dummies
Percentage parks and
public gardens
Percentage agricultural
land

Percentage industrial
area

Percentage service area

Percentage open water

Variable names and definitions

Definition

Transaction price in the year 2000.

Volume of the house.

Size of the living area of the house.

Dummy variables: equal one if the house is built before 1906, or in the periods
1906-1930, 1931-1944, 1945-1959, 1960-1970, 1971-1980, 1981-1990.
Reference are houses that are built after 1990.

Dummy variable: equal one if the house has a gas heater.

Dummy variable: equal one if the house has a garage.

Dummy variable: equal one when the house have a garden.

Number of rooms of the house.

Dummy variable: equal one when the house is a terraced house.

Dummy variable: equal one when the house is free standing.

Dummy variable: equal one when the house is semi-detached.

Dummy variable: equal one when the house is an apartment.

Dummy variable: equal one if the house is a monument.

Dummy variable: quality of the inner part of the house is good.

Dummy variable: quality of the inner part of the house is fair or bad.
Distance to the city centre (central station).

Percentage of inhabitants of non-westerns origin in the vicinity of which the house
is located.

Number of inhabitants per km?.

14 in Amsterdam, 7 in The Hague, 9 in Rotterdam.

Dummies of the month in which the house was sold.

Percentage of parks and public gardens, forest and water with a recreational
function within 500 meter from the house.

Percentage of agricultural land within 500 meter from the house.

Percentage of industrial area (building land and firm grounds) within 500 meter
from the house.

Percentage of service area (shops and social and cultural activity) within 500
meter from the house.

Percentage of open water (IJ in Amsterdam, North-Sea in The Hague and the
river Maas in Rotterdam) within 500 meter from the house.

0,1
0,1
0,1
0,1

0,1
0,1
0,1
0,1
0,1
0,1
0,1
km

%

0,1
0,1

%

%

%

%

%
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Table A.2 Descriptive: mean values

Transaction price

Capacity

Floor area

Build before 1906

Build in the period 1906 — 1930
Build in the period 1931 — 1944
Build in the period 1945 — 1959
Build in the period 1960 — 1970
Build in the period 1971 — 1980
Build in the period 1981 - 1990
Build after 1990

Gas heater

Garage

Garden

Number of rooms

Terraced house

Detached

Semi-detached

Apartment

Monument house

Maintenance good
Maintenance bad

Distance to city centre (km)
Percentage ethnic minorities
Population density per km?
Percentage parks and public gardens
Percentage agricultural land
Percentage industrial area
Percentage service area
Percentage open water

Amsterdam (n=3889)

238 245.00
272.25
93.00
0.18
0.29
0.09
0.04
0.12
0.05
0.09
0.17
0.16
0.04
0.26
3.33
0.13
0.01
0.01
0.85
0.03
0.90
0.10
4.03
23.75
12.19
9.09
1.55
5.55
5.18
8.96

The Hague (n=4417)

162 616.23
320.30
107.06

0.07
0.30
0.27
0.12
0.09
0.05
0.03
0.06
0.20
0.05
0.33
4.36
0.16
0.00
0.01
0.83
0.01
0.83
0.17
3.53
16.50
10.99
10.21
1.35
3.57
6.05
2.95

Rotterdam (n=2334)

162 434.09
319.32
122.76

0.04
0.13
0.24
0.16
0.12
0.09
0.11
0.13
0.13
0.08
0.39
3.89
0.27
0.01
0.03
0.69
0.00
0.87
0.13
3.72
22.42
8.05
9.90
3.77
6.00
8.58
7.63
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