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The costs and benefits of 
providing open space in cities57

5.1
Introduction

It is generally recognized that market failures and external effects abound in urban econom-

ics (see, for instance, Anas et al., 1998), but it is often not completely clear how effective 

various possible measures are in improving resource allocation. A specific example is the 

evaluation of spatial planning policy, which is an almost universally important part of urban 

policy. Although economists have paid attention to various aspects of spatial planning (see, 

for instance, Fischel (1985) on zoning) much remains to be learned. 

This chapter focusses on one aspect of spatial planning within cities: the provision of 

open space in the form of parks and public gardens. These are generally considered to be 

important amenities and many studies have confirmed their significance for the well being 

of urban residents, usually on the basis of hedonic price studies. A glance at the litera-

ture suggests that most studies stop after having established that statistically significant 

benefits are present. However, for a complete cost-benefit analysis we also need to assess 

the costs of these amenities. In this chapter we make an attempt to introduce the cost side 

57 |  An earlier version of this chapter is published as a CPB Discussion Paper (Rouwendal and van der Straaten, 2008).
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into the analysis by deriving a cost-benefit rule that can be made operational by means of 

hedonic analysis. We apply this result to the provision of open space in three large cities of 

the Netherlands.

In the densely populated Netherlands, spatial planning imposes tight restrictions on land 

use throughout the country, but especially on the western part, which is the economic cen-

tre. Probably the best known feature of Dutch physical planning is the prolonged attempt 

to preserve the polder landscape in the so-called Green Heart of the country’s economic 

core region, the Randstad. As a consequence, the cities in that part of the country are more 

compact than they would otherwise probably have been. Restrictive spatial planning tends 

to increase the price for available residential land and this suppresses demand for space. 

Moreover, lot sizes are determined by local governments who experience severe limitations 

in designing land for new residential construction. This puts pressure on plans to devote 

substantial amounts of land to parks and public gardens and may also cause available lot 

sizes to be even smaller than demand at the prevailing land prices would suggest. It is a 

priori unclear what this situation implies for the valuation of open space within cities. The 

pressure on the supply of private land may increase the willingness-to-pay for this com-

modity relative to open space. It is, however, also conceivable that parks and public gar-

dens function – to some extent – as a substitute for the consumption of private land, which 

would suggest that the willingness-to-pay for this amenity increases as a consequence of 

the overall scarcity of residential land.

Recently, there has been some debate in the Netherlands about the appropriateness of the 

currently provided amounts of open space in urban areas. A recent white paper, the ‘Nota 

Ruimte’ (VROM, 2006) states that at least 75 m2 of green space should be available within 

500 meter of each dwelling. This number is motivated by the importance of green space 

for recreational purposes.58 In reality, usually less green space is available in the urban 

areas of the Netherlands. Of the 30 largest cities in the Netherlands, Dordrecht appears to 

be the only one in the Randstad that satisfies the target of the white paper (Bezemer and 

Visschedijk, 2003). Even though it is unclear on which evidence the normative figures in 

the Nota Ruimte has been based, it has been argued in reaction to the white paper that a 

500 meter distance is hard to overcome by many elderly people and children, and that 300 

meter would be more appropriate (Raad voor het Landelijk Gebied, 2005). In the absence of 

a cost-benefit analysis of the provision of open space within cities, the significance of such 

statements is, of course, hard to judge.

Questions concerning the appropriateness of the provision of open space are not specific to 

the Dutch context. They arise in every city. There exists an extensive international literature 

on the value of open space, which has recently been reviewed in McConnell and Walls 

(2005). The present chapter concentrates on the provision of open space within cities. Even 

though we recognize (as will be clear from the previous section) that this may have a rela-

tionship with the preservation of open space surrounding cities, open space within cities 

will be dealt here as an important subject in its own right. 
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58 |  VROM (2006), p 88. 
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Our analysis of open space within cities is relatively close to that presented in Cheshire and 

Sheppard’s (2002) as an element of their welfare economic analysis of the broader concept 

of land use planning. We follow them in their adoption of the monocentric model as a use-

ful framework for the analysis and in their use of the hedonic price function as the main 

tool for making the theory operational. Using multiple housing markets as the source of 

identifi cation, we estimate the inverse demand function for open space and fl oor area. The 

results of the inverse demand function and the Samuelson rule are used for simulation of 

the optimal neighbourhood planning. 

This chapter is organized as follows. In the next section, we provide a theoretical analysis of 

the provision of open space as a neighbourhood-specifi c public good in the context of the 

monocentric model. Section 5.3 presents our estimates of a hedonic price function for the 

three largest Dutch cities and checks the appropriateness of currently provided amounts of 

open space. Section 5.4 is devoted to a further analysis of the demand for public space and 

private space and its application in an optimal neighbourhood planning.

5.2 

A framework for cost-benefi t analysis

In this section, we develop a model for a monocentric city in which a benevolent planner 

provides open space by means of spatial planning policy. The model is outlined in Section 

5.2.1 and the policy evaluation question is considered in Section 5.2.2. Section 5.2.3 dis-

cusses the suggested cost-benefi t rule and its applicability in real world circumstances.

5.2.1 The model

We consider the demand for open space in a monocentric city, which is the workhorse of 

urban economic analysis (see, for instance, Fujita, 1989, for an exposition of the model). 

The variant of the model we use has a homogeneous population of households who derive 

utility u from the consumption of residential land h, a composite consumption good c and 

open space S. We assume that all households living close by have free access to this open 

space and will therefore treat it as a local public good.  To do so, we view the city as consist-

ing of a number of neighbourhoods, indexed by i and we ignore differences in the distance 

to the city centre between different locations in the same neighbourhood. The available 

open space within a neighbourhood contributes to the utility of all inhabitants, but not to 

the inhabitants of other neighbourhoods. A household takes the available amount of open 

space in the neighbourhoods as given.

The utility function of the household is:

           

                    (5.1)

and the budget restriction:

                    (5.2)
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with y denoting household income, pi the price of land in neighbourhood i, t the commut-

ing cost per unit t of distance, and xi the distance between neighbourhood i and the city 

centre. We have normalized the price of the composite good to 1. Households maximize 

their utility by choosing a neighbourhood i and thereby determining their optimal con-

sumption of housing and the composite good. The price for land in the neighbourhoods 

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 in the city can be described by a bid rent 

function. A bid rent function gives the maximum amount of money a household is willing 

to pay for one unit of land when it has to reach utility level u* and income, unit commuting 

cost and the available amount of open space are given. Formally, the bid rent function   is 

defi ned for each neighbourhood i as:

                    (5.3) 

        

where C(.) denotes the amount of the composite good that a household must consume in 

order to reach utility u* conditional on housing consumption hi and open space Si.
59 The 

fi rst order condition of the maximization in (5.3) implies:

                    (5.4)

This equation states that the value of the bid rent function equals the household’s marginal 

willingness-to-pay for land. In a market equilibrium all households have the same gross 

income and reach the same utility level and are therefore on the same bid rent curve. The 

value of this bid rent curve is then equal to the price of land pi.

5.2.2 Optimal provision of open space

The amount of land available for residential purposes (Ri) and parks or public gardens (Si) 

in neighbourhood i is Li . For simplicity we take this amount to be equal in all neighbour-

hoods. (At the end of the next section we will relax this assumption.) To study the optimal 

provision of open space in the city, we introduce a planner who maximizes the value of the 

social surplus generated by the city. This surplus is defi ned as the difference between the 

total amount of income earned in the city and the costs that have to be made to enable its 

inhabitants to reach a given utility level u*. 

The social planner chooses hi, Ri and Si such that the value of the social surplus of each 

neighbourhood i (SSi) is maximized, while taking into account the constraint:

           

                    (5.5)
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59 |  The value of C (⋅) is found by ‘inverting’ the equation u*=u(c, h, S) with respect to c. It is not diffi cult to verify 

that ∂C/∂h  is equal to (∂u/∂h)/(∂u/∂c).
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The social surplus SS of the city is the sum of the social surpluses of all neighbourhoods:

         

                    (5.6)

with       is the price of agricultural land. 

First order conditions are:

          

                    (5.7)

          

                    (5.8)

           

                    (5.9)

In these equations   is the Lagrange multiplier associated with constraint (5.6). We can 

easily remove it by combining the last two conditions as:

                        (5.10)

Equation (5.10) is a Samuelsonian condition for the optimal provision of a public good. The 

number of households in neighbourhood i equals Ri / hi  and the left-hand-side therefore 

gives the total marginal willingness-to-pay for open space by all households. The right hand 

side is the opportunity cost for providing open space, which, by equation (5.7), equals the 

willingness-to-pay for residential land. In the context of a market economy this willingness-

to-pay is equal to the market price pi for residential land in neighbourhood i.

We assume that a neighbourhood will be developed whenever it contributes to the total 

surplus of the city, that is, whenever the value of the land in residential use (the provision of 

the appropriate amount of open space included) exceeds its value in agricultural use. This is 

similar to the way the boundary of the city is determined in monocentric models where no 

neighbourhoods are distinguished.

5.2.3 A cost-benefi t rule

The derivations of the previous section suggest a relatively straightforward cost-benefi t 

rule for the provision of open space. Open space should be provided until the sum of the 

marginal willingness-to-pay of all the inhabitants of a neighbourhood is equal to the market 

value of residential land in the neighbourhood:

                  (5.11)
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It should, of course, immediately be noted that neither the willingness-to-pay for open 

space nor the market value of residential land is directly observable. Open space is a public 

good for which no market price exists and urban residential land is in practice almost 

always traded jointly with the houses constructed on it. Fortunately, both problems can be 

solved by the hedonic method. 

To see this, observe that in a market equilibrium every household must reach the equi-

librium utility level u*. This requires that a hedonic price function P(h,S,x) emerges that 

facilitates such an equilibrium. The budget restriction of a household can then be written as 

y – tx = c + P(h,S,x) , and we can substitute it in the utility function to write the condition for 

a market equilibrium as:

                                (5.12)

Even though this hedonic price function is only defi ned in our model for a fi nite number of 

neighbourhoods, we may reasonably conjecture that a smooth function exists that takes on 

the same values as the actual hedonic function for all neighbourhoods and is also defi ned 

for other possible combinations of h, S, and x. Since small changes in h, S and x should not 

change utility, this more general smooth hedonic price function must have:

                                (5.13)

                                 

                                (5.14)

       

                                (5.15)

It follows immediately from (5.13) that the partial derivative of the hedonic price function 

with respect to h is the marginal willingness-to-pay for residential land, and from (5.14) 

that the partial derivative of the hedonic price function with respect to S is the marginal 

willingness-to-pay for open space. Equation (5.15) shows the familiar property that the 

house price should contain a compensation for commuting cost.60

The version of the cost-benefi t rule (5.11) that will be used in our empirical work is therefore:

                                (5.16)

where Ni denotes the number of households in neighbourhood i and the willingness-to-pay 

for open space and for residential land are computed by means of a hedonic price function.

Even though we derived (5.16) in the context of a simple monocentric model that incorpo-

rates a number of assumptions whose empirical relevance can be questioned, it is useful to 

note that it is robust to relaxation of a number of these assumptions. For instance, if lot size 
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60 |  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, ∂P/∂h, evaluated at x and at the given amount of open space S(x).
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or housing consumption h is fixed or predetermined (by history and high adjustment costs) 

there will still emerge a hedonic price function that establishes the equilibrium (5.12) and 

equations (5.13)−(5.15) will be valid. Moreover, a housing market equilibrium as implied by 

(5.12) will also emerge if there is an urban growth boundary, which causes land prices at 

the boundary of the city to exceed the value of agricultural land. These observations are of 

particular importance for the situation in the Netherlands where, as we noted in the intro-

duction, restrictive spatial planning may well have resulted in house prices that are higher 

and lot sizes that are smaller than market forces would suggest. Even in these circumstanc-

es, a social planner should provide open space until condition (5.16) is satisfied.

If the city is populated by groups that differ in their preferences for residential land and 

parks and public gardens, condition (5.12) must be valid for the set of neighbourhoods in 

which members of the same group reside and equations (5.13)−(5.15) also follow. In such 

circumstances the provision of open space per neighbourhood should be adjusted to the 

tastes of its inhabitants and condition (5.16) remains valid. As we will see below, our data 

suggest that there is considerable heterogeneity among urban households.

To check for the appropriate provision of open space, one should compute the partial 

derivatives of the hedonic price function and use them to see if equation (5.16) is satisfied. 

This is the essence of the empirical analysis that follows.

5.3
 
Optimal provision of open space: 
Estimation of hedonic price functions 

We start this section with a brief review of existing literature and some further remarks on 

the Dutch context. Then we introduce the data that we use for estimating the hedonic price 

functions and present the results. Using these results, we are able to estimate the total 

benefits and costs of open space in each city. 

5.3.1  Existing literature

The value of open space has been studied intensively over the past decades. For instance, 

an early study by Brown and Pollakowski (1977) finds that publicly accessible open space in 

lakefront communities in the Seattle area has a positive effect on house prices: the greater 

the open space around a house, the higher the price, all else equal. House prices decrease 

with distance from the lakefront and are lower if a house does not have a lake view. Many 

other studies have been published since then, and McConnell and Walls (2005) provides a 

useful survey of this still growing literature. Even though in recent years interest in stated 

preference analyses for the valuation of open space has increased, the standard approach 

still appears to be the elaboration of a hedonic price function for housing.

The fundamental observation underlying the hedonic method is that the value of open 

space is revealed in the prices of houses in its vicinity, as shown in equation (5.14) above. 
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If people attach value to the proximity of open space, they also attach a higher value to a 

house that provides this amenity. They are therefore willing to bid more for such a house. 

Rosen’s (1974) original analysis concerned a market with perfect competition, but the 

suggested methodology for investigating consumer demand is equally applicable under 

alternative market conditions (see e.g. Bajari and Benkard (2005)).

Since a recent survey of the international literature on the valuation of open space is avail-

able, we will only briefly discuss a few studies for the Netherlands, to which our empirical 

work refers. Luttik (2000) studied a limited number of relatively small areas and found that 

a view on open space increases the value of a house with 6 to 12 per cent. However, she 

reported that it was much more difficult to demonstrate any effect of a park or a recrea-

tional area bordering the residential area. For only two of the eight areas she examined 

significant coefficients were found. Visser and van Dam (2006) analysed the housing market 

in the Netherlands as a whole and focussed on the contribution of environmental and 

neighbourhood characteristics to house price differences. These authors report positive and 

significant effects of the presence of a park within 50 meters, and of the percentage of land 

considered as parks in the neighbourhood. These Dutch studies suggest that effects of open 

space on house prices operate especially on a small spatial scale, which confirms findings 

of the international literature. For instance, Orford (1999) reports that a distance of a few 

blocks decreases the effect of living close to a major park in Cardiff (Wales) on the property 

values by 50 per cent. This suggests that the effect of open space on house values may 

become negligible for distances well below the 500 meter used in the Dutch white paper.

5.3.2 The Dutch context

Traditionally, the Netherlands has a large share of public housing. Especially in the large 

cities the share of the rental sector is substantial. Rents are controlled, and their values are 

determined by a system of points that takes little account of neighbourhood amenities. 

For this reason it makes no sense to carry out a hedonic price analysis on rental housing. 

Hence, we focus on the owner-occupied sector. Currently the large Dutch cities, where the 

rental sector is overrepresented, are putting much emphasis on their attractiveness for 

higher income households which tended to move to suburban regions. They do so by con-

structing more luxury housing, and also by paying more attention to urban amenities, open 

space being an important example.

The majority of the transactions on the housing market concern existing houses and here it 

is evident that floor area and most of the housing characteristics have to be taken as given 

by a buyer, as well as the presence of parks and gardens. Our data refer to Amsterdam, The 

Hague and Rotterdam. Since the housing stock and the provision of open space in these 

three cities differ for historical reasons we expect the hedonic price functions for these 

cities to be different. For instance, the 17th century inner city of Rotterdam was destroyed 

in the Second World War, whereas many elements of the inner city of Amsterdam still date 

from that period. Moreover, Amsterdam and Rotterdam experienced very fast growth in 

the 19th century due to rapid industrialization, whereas the growth of The Hague was more 

gradual and related to its status as the residence of the national government. 
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As we noted in the previous section, the constraints resulting from such differences in the 

historical development of the housing stock do not prevent the emergence of a market 

equilibrium in which marginal prices correctly reveal the marginal willingness-to-pay for 

these characteristics and amenities. 

5.3.3 Data

The data we use are provided by the Dutch Association of Real Estate Agents (NVM) and 

concern housing transactions in the year 2000. All houses sold by NVM-real-estate agents61 

in the three major Dutch cities Amsterdam, The Hague and Rotterdam62 in that year are in-

cluded in the data base. The variables include the transaction price and numerous structural 

characteristics, for instance, volume, floor area, lot size, number of rooms, and location. 

To be able to investigate the effects of land use in the vicinity of the sold houses, we added 

information about land use. The relevant information was acquired from Statistics Nether-

lands (CBS) that provided an integrated data set containing information about 38 types of 

land use on grid cells of 100 by 100 meter. In the analysis 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 some of the 38 basic types of land use dis-

tinguished in this data base. Parks and public gardens are land to which public access is 

explicitly or implicitly provided: it includes, besides parks and public gardens, also forest 

and water with a recreational function, for example a yacht-basin. Industrial area includes 

building land. Service area consists of shops and social and cultural facilities. The last cat-

egory, called ‘open water’, indicates canals and the lake IJ in Amsterdam, the North Sea in 

The Hague and the river Maas in Rotterdam. 
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61 |  Of all the houses sold in the Netherlands, 65-70 per cent is sold by NVM real estate agents. 

62 |  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 analy-

sis. Most of  the harbour regions in Rotterdam and Amsterdam are therefore not included. We skip Rijnpoort (Hoek van 

Holland), a part of Rotterdam that is not adjacent to any other area of Rotterdam.
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Figure 5.1 Percentage parks and public gardens in three Dutch cities

 

Figure 5.1 shows the spatial distribution of parks and public gardens over postal code areas 

in the three cities. It shows that there is a considerable amount of variation in this amenity 

in each of them. In Amsterdam the highest scores are in some western and south-eastern 

postal code areas that are generally regarded as problem areas. The best known park in 

Amsterdam is the Vondelpark, which is located to the southwest of the canal area. The sur-

roundings are generally regarded as a highly attractive residential area. In Rotterdam the 

highest score is associated with the area surrounding the Kralingse Plas. The Hague has a 

small forest close to the central station, while there is also a considerable amount of green 

open space in the dunes and especially in the area between the former fisherman village 

Scheveningen and the former edge of The Hague. These area, as well the Kralingse Plas are 

generally regarded as attractive residential locations. In this respect these cities seem to be 

somewhat different from Amsterdam.

5.3.4 Specification and estimation of a hedonic function

We use three types of explanatory variables: structural variables, amenities and other 

location variables. The structural variables include floor area and lot size. With respect to 

these variables and the valuation of open space we will always distinguish between these 
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effects in single-family houses and multi-family houses. Because the willingness-to-pay 

for floor area can be different for households living in apartments and other housing types 

(as shown for instance by Visser and van Dam (2006)), we included the cross-effect of floor 

area and apartment. The variable lot size is only applicable for single-family houses. Cat-

egorical variables indicate the age of the house, the presence of a gas heater (revealing the 

absence of central heating), a garage, a garden, the number of rooms, the type of house (of 

which apartment is taken as reference), the maintenance quality of the house (bad mainte-

nance is taken as reference), and the status of a house as a monument. 

The second set of explanatory variables concerns the location of the house. We included 

the distance of the house to the city centre (the location of the central station was taken 

as the centre), the ethnical composition and the population density of the area in which 

the house is located.63 We have also included neighbourhood dummies. The importance 

of taking into account these effects in studying the value of open space has recently been 

stressed by Anderson and West (2006).64 

Because we know the exact location of the house we were able to obtain information 

about the amount of amenity variables in the vicinity of the house. For each grid of 100 by 

100 meter in which the house is located, the percentage of land taken by this amenity was 

computed. That is, for each grid we calculated the percentage of parks and public gardens, 

agricultural land, industrial area, services area, and amount of water. In our baseline speci-

fication we took the average of these percentages over the grids within a distance of 500 

meter from the house as the explanatory variables.65 Other specifications, to be discussed 

below, measured this amenity at a different spatial level. We include the cross effect of 

open space with the dummy variable apartment to obtain separate estimates of the willing-

ness-to-pay for open space for households living in single-family houses and households 

living in apartments. In the course of the year 2000 Dutch house prices increased consider-

ably. Since our database informs us about the transaction, data we were able to control for 

changes in the price level by including monthly dummies.

In comparison with other studies our data base is rich. First of all we are able to estimate 

separate equations for three different cities. Second, we are able to control for unobserved 

differences in urban areas by neighbourhood dummies. Finally, the location variables and 

amenities could be determined for each house separately or at a very detailed spatial level. 
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63 |  Note that the variables ethnical composition and population density are included on a much smaller scale than the 

neighbourhood dummies.

64 |  The neighbourhood dummies control for a number of effects that may be hard to observe and/or difficult to meas-

ure in other ways. For instance, they should be expected to control for differences in accessibility that are related to the 

interurban road network.

65 |  Note that, in order to compare the marginal willingness-to-pay of 1 m2 open space with the marginal willingness-

to-pay of 1 m2 residential land, we are interested in the effect of the amount of open space in the vicinity of a house 

on the house price variation. This in contrast to conventional hedonic price studies on open space which focus on the 

effects of distance towards the nearest park on the house price variation.
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We use a spatial error model to deal with spatial autocorrelation.66 To be able to do so, the 

distances between all houses in our data base were computed. For distances smaller than 

1 km we used the inverse of the distance (expressed in meters) as the relevant weight 

and scaled the weighting matrix. Estimation proceeded by the GMM approach of Kelejian 

and Prucha (1999). We also estimated a spatial lag model. The spatial lag parameters are 

small and the coefficients for open space and floor area did not change much. Because the 

welfare interpretation of a spatial lag model is not straightforward (see, for instance, the 

discussion in Small and Steimetz (2007)), we do not report the results67 and concentrate on 

the spatial error model.

We removed all observations that referred to a house containing less than 100 m3 and we 

excluded 0.5 per cent of the remaining observations of the highest and lowest values of the 

transaction price and floor area of each city. One observation, that concerned a house that 

was located more than 1 km of all other houses, was also excluded. Our baseline specifica-

tion has the logarithm of the transaction price as the dependent variable. Table A.II in the 

Appendix provides the descriptive statistics, the estimation results are presented in Table 

5.1. 

Structural attributes appear with expected sign and are in general statistically significant in 

the three equations. The willingness-to-pay for an increase in a m2 floor area is higher for 

apartments than the willingness-to-pay for a m2 floor area for single-family houses. House-

holds living in single-family houses are willing to pay a higher price for an extra m2 lot size 

than an extra m2 floor area. Well-maintained houses – a qualification that is provided by the 

realtors – sell at significantly higher prices.

The three location characteristics reported in Table 5.1 all have the expected sign and are 

statistically significant. Note that we also controlled for neighbourhood characteristics by 

introducing a series of dummies, although their estimated coefficients are not reported.
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obtained by the OLS regression, as should be the case under standard assumptions.

67 |  The coefficient of the spatial lag is 0.035 for Amsterdam, 0.060 for The Hague and 0.0010 for Rotterdam. The coef-

ficient for parks and public gardens slightly decreases in Amsterdam and The Hague but increases in Rotterdam.  
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Table 5.1 Estimation results of hedonic price functions for three Dutch cities

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

Structural characteristics    

Log (volume) 0.562     (.017)   0.557    (.017) 0.328      (.028) 0.528    (.026)

Log (floor area) 0.084     (.031) 0.089    (.031) 0.150      (.027) 0.116    (.019)

Log (floor area) * Apartment 0.114     (.028) 0.106    (.028) 0.394      (.029) 0.232    (.027)

Log (lot size) 0.130     (.023) 0.123    (.023) 0.318      (.027) 0.374    (.021)

    

Location variables    

Distance to city centre − 0.065     (.006) − 0.059    (.006 − 0.019      (.007) − 0.0191   (.003)

Percentage ethnic minorities − 0.0042   (.0005) − 0.0040  (.0005) − 0.0047  (.0005) − 0.0025 (.0004)

Population density − 0.0080   (.0010) − 0.0064    (.001) − 0.008      (.001) − 0.0053   (.001)

    

Amenities    

Percentage parks, public gardens 0.00009     (.001) − 0.0010   (.001) 0.0124    (.002) 0.0095  (.0010)

Perc. parks * Apartment 0.00287   (.0013) 0.0013 (.0013) − 0.0014    (.001) − 0.0032  (.0012)

Percentage Vondelpark  0.0083 (.0013)  

Percentage agricultural 0.0004   (0.001) − 0.0003 (.0013) 0.0010    (.001) − 0.0004  (.0007)

Percentage industrial area − 0.0038   (0.001) − 0.0041   (.001) − 0.0045    (.001) − 0.0059  (.0006)

Percentage service area − 0.0004   (0.001) 0.0008   (.001) 0.0091    (.001) 0.0045  (.0006)

Percentage open water − 0.0214 (0.0009) − 0.0009   (.001) 0.0064    (.001) 0.0062  (.0005)

R2 0.89 0.89 0.90 0.87

Autoregressive par. 0.32 0.32 0.34 − 0.81  

σ2 0.17 0.16 0.20 0.21

N 3,861 3,861 4,404 2,328

The table reports the estimates of a spatial error model with the dependent variable the natural logarithm of the trans-

action price. The equations also contained controls for house type, presence of a garden and garage, number of rooms, 

state of maintenance, housing type, monument status, year of construction (before 1905, 1906-30, 1931-44, 1945-59, 

1960-70, 1971-80, 1981-90), 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 – which are of key interest in the present 

study −  are significant and of the expected sign in all three cities, although in Amsterdam 

the effect is significant only for apartments. This confirms our expectation that open space 

has a positive value for urban residents. A household living in a single-family house in The 

Hague68 is on average willing to pay € 2,012 for a one percent increase of parks and public 

gardens in the 500 meter circle around the house. In Rotterdam the willingness the pay for 

this amenity is equal to € 1,548. The willingness-to-pay for additional open space of house-
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68 |  Strictly speaking we should note that our results refer only to households who bought a house in the year 2000.
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holds living in an apartment in The Hague and Rotterdam is lower than for households liv-

ing in single-family houses. The willingness-to-pay is € 1,785 for The Hague and € 1,020 for 

Rotterdam. In Amsterdam the willingness-to-pay for an increase in open space is € 705 for house-

holds living in apartments. The coefficient that has been estimated for Amsterdam in column (1a) 

is much lower than that for the other two cities. Closer examination of the results suggested that 

it is caused by heterogeneity in the valuation of parks and public gardens in Amsterdam.

We noted in Section 5.3.3 that the postal areas in Rotterdam and The Hague with a high 

amount of open space are regarded as attractive residential areas. In Amsterdam however, 

some of the postal areas with a high score of open space can be regarded as problem are-

as, like the Bijlmer and Slotervaart. On the other hand, the Vondelpark is generally regarded 

as an important amenity. In column (1b), we distinguish the effect of the Vondelpark, the 

best known park of Amsterdam, located close to the centre of the city, from that of all other 

parks and public gardens. The results reveal that most of the positive effect of open space in 

Amsterdam, as shown in column (1a), was caused by the Vondelpark, whereas the effect of 

other parks and public gardens appears to be negligible. The coefficient for the Vondelpark 

is of the same order of magnitude as the coefficient for open space for The Hague and Rot-

terdam, whereas that of the other open space variables is now insignificant.

A possible explanation is that the valuation of open space depends crucially on the pleasure 

you experience when visiting it. The Big Greenery Study (Gadet and Smeets, 2009), an inves-

tigation into the use of the Amsterdam’s parks by city’s residents, shows that there is a strong 

relationship between the popularity of parks and the location of the park. The largest increases 

in the popularity of parks, over the period 1996 and 2008, lie in the most successful neighbour-

hoods, primarily situated in the city’s historical core and across large portions of the belt of 19th-

century urban expansion. These areas are typified by a mixed population and high prices per 

square metre for apartments. Due to the mixed population in its proximity, the Vondelpark is 

visited by many during the whole day, which enhances the (real or perceived) social safety. This 

suggests that the positive Vondelpark effect is related to the characteristics of the surrounding 

residential area effect. Although we have controlled for neighbourhood effects, we took a closer 

look at this issue by adding a dummy for the residential area surrounding the Vondelpark. 

This resulted in an insignificant coefficient for the dummy, while that for the percentage of the 

Vondelpark within the 500 meter circle surrounding the houses hardly changed. We conclude 

therefore that this effect is really driven by the presence of the Vondelpark. 

 The presence of industries in the vicinity of a house decreases its value, the presence of 

shops and social or cultural activities increases its value. Results for the other two ameni-

ties are less clear, however. 

We experimented with several alternative specifications. Using the inverse of the squared 

distance in the spatial weight matrix did not change the results. To investigate the effect of 

the scope of the amenities on the willingness-to-pay we have estimated the equations with 

the percentages open space and other amenities within 100 meter, 300 meter, 500 meter 

and 1000 meter circle around the house as explanatory variables.69 The estimated coeffi-

cients for the percentage parks and public gardens are reported in Table 5.2. 

The figures in Table 5.2 show that the estimated coefficients for parks and public gardens 

are highest when we use the open space in a 300 meter circle around the houses. At first 
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sight these results might appear to contradict the presence of a distance decay effect for 

short distances. However, it should be realized that a given percentage of open space in a 

larger circle implies a much larger area of open space. For example, the amount of square 

meter of open space in a circle of 300 meter should be 9 times more than the amount of 

open space in a 100 meter circle, in order to have the same percentage of open space.  

Table 5.2 Coeffi cients for open space for different specifi cations of the variable

 100 m circle 300 m circle 500 m circle 1000 m circle

    

(1) Amsterdam 0.00040   (.0005) 0.0915 (0.003) 0.00009  (.001) − 0.0003  (.0004)

* Apartment 0.0014   (.0008) 0.0061 (0.003) 0.00287   (.0013) 0.0008  (.0004)

    

(1a) Amsterdam − 0.00029  (.0007) − 0.0012    (0.003)  − 0.0010    (.001) − 0.00067  (.0004)

* Apartment 0.00046   (.0008) 0.0019    (0.003) 0.0013   (.0013) 0.00041  (.0004)

* Vondelpark 0.0045   (.0007) 0.0206    (0.003)   0.0083   (.0013) 0.0023  (.0004)

    

(2) The Hague 0.0048   (.0008) 0.0268    (0.003) 0.0124     (.001) 0.0045  (.0004)

* Apartment 0.0002   (.0009) − 0.0005    (0.003) − 0.0014     (.001) − 0.0004  (.0004)

    

(3) Rotterdam 0.00501   (.0006) 0.0228    (0.003) 0.0095     (.001) 0.0033  (.0003)

* Apartment − 0.0016   (.0007) − 0.0082    (0.003) − 0.0032     (.001) − 0.0011  (.0003)

    

The table shows the coeffi cients for different specifi cations of open space, as estimated in separate spatial error models 

with the dependent variable the natural logarithm of the transaction price. Standard errors are in parentheses. Statisti-

cally signifi cant effects (at the 5 per cent level) are in bold.

To calculate the marginal price per m2, we have to divide the coeffi cient of open space by 

the corresponding surface area.70 The marginal price of open space per m2 is equal to:

                                                           (5.17)

The value attached to a square meter of parks or public gardens decreases considerably 

when we increase the ray of the circle within we measure this amenity. This is confi rmed by 

the fi gures presented in Table 5.3. 
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70 |  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 per cent.  

69 |  Our data do not allow us to 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. The smallest range our data provides is 100 meter around the 

house. White papers in the Netherlands uses 500 meter circle around the house as criterion. This criterion however is 

criticized by some researchers and they argue that a 300 meter circle should be used instead. Therefore we also include 

this range in our analyses. Finally we include a larger scope of amenities around the house, namely 1 km.
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Table 5.3 Mean marginal price for open space per m2 for different specifi cations 

of the variable

 100 m circle 300 m circle  500 m circle 1000 m circle 
  

(1) Amsterdam 0.95  7.73 0.003 -0.002

* apartment 4.29  8.24 0.09 0.004

(1a) Amsterdam -0.69 -0.10 -0.002 -0.002

* apartment 0.41 0.06 0.01 -0.002

* Vondelpark 11.13 1.80 0.26  0.02

(2) The Hague 7.73 1.54 0.26 0.02

* apartment 8.12  1.51 0.23 0.02 

(3) Rotterdam 8.14 1.31 0.20  0.02

* apartment 5.54 0.84 0.13 0.01

The table reports the mean marginal price of open space per m2 for different specifi cations of the variable. Statistically 

signifi cant effects (at the 5 per cent level) are in bold.

5.3.5 Optimal provision of open space?

Estimation of the hedonic price function allows us to verify the validity of condition (5.16). 

The condition states that if the total benefi ts of open space are equal to the marginal price 

of residential land, the provision of open space is optimal:

                     (5.18)

To calculate the total willingness-to-pay for open space we have to sum the individual 

household’s willingness-to-pay for open space over the total number of households living 

in the corresponding area. The total willingness-to-pay for open space, which is equal to 

the total benefi ts of open space, is calculated by the multiplication of the total number of 

households (N) with the (individual) marginal price of open space. 

                      (5.19)

In order to compare the marginal price of open space with the marginal price of private 

land, the marginal price of open space per m2 is used. The total benefi ts of open space 

equals to:

                     (5.20)
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The provision of open space is above its optimal level if the total benefits of open space 

are smaller than the marginal price of residential land. In this situation, households would 

like to have more private space and less open space in their neighbourhoods. If the total 

benefits of open space are larger than the marginal price of land, the provision of open 

space is below its optimal level and households would like to have more open space and 

less private space.

The previous section shows that the willingness-to-pay for open space differs between 

households living in single-family houses and households living in apartments and dif-

fers between the cities. Therefore we distinguish between (hypothetical) neighbourhoods 

consisting only of single-family and houses and apartments and investigate whether the 

amount of open space is optimal in both situations in each city. 

Table 5.4 shows the results with regard of neighbourhoods that consist of single-family 

houses only. The marginal prices of open space per m2 per household are shown in the first 

column. Because the coefficient of open space for Amsterdam excluding the Vondelpark is 

insignificant we focus on the results of the Vondelpark. The coefficient of the Vondelpark is 

significant and the marginal price of a 1 m2 increase of the Vondelpark is equal to 22 cents, 

which is in line with the marginal prices of open space in The Hague and Rotterdam. In 

order to obtain the total benefits of open space we multiply the marginal willingness-to-pay 

of open space with the total number of households in the corresponding surface area.71 We 

assume that the willingness-to-pay of tenants is equal to the willingness-to-pay of house 

owners as estimated in the hedonic price functions. The number of households includes 

therefore both tenants and house owners. The results are shown in the third column. 

Table 5.4 Optimal provision of open space in neighbourhoods consisting of  

single-family houses only

Amsterdam 0.00 (0.03) 3614  

     Vondelpark 0.22 (0.07) 3614 799.54 (251.91) 227.84 (40.31)

The Hague 0.26 (0.04) 3859 988.52 (159.44) 288.38 (24.48)

Rotterdam 020 (0.02) 2437 477.18 (40.23) 324.24 (18.21)

    

The table reports the results with respect to the optimal provision of open space in neighbourhoods consisting of 

single-family houses only. The standard errors of the marginal prices are given in parentheses.

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

b: The corresponding number of households per hectare equals 46 for Amsterdam, 49 for The Hague and 31 for Rot-

terdam. 
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(1)a

Marginal price 

open space (m2, per 

household) 

(2)b 

Total number of  

households  

(per 500 m circle) 

(3)

Total benefits of  

open space 

[=(1)*(2)] 

(4) 

Marginal price of 

lot size (m2, per 

household)

71 |  The total of households equals the average number of households in a 500 meter circle around a single-family house.
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When we compare the total benefi ts of open space (column (3)) with the marginal price of 

lot size (column (4)), it shows that the provision of open space in neighbourhoods consist-

ing of single-family houses is below its optimal level in the three cities. Households would 

rather like to have more open space and less residential land in their neighbourhoods.

Next we look at the WTP to pay for open space and fl oor area of households living in apart-

ments. Table 5.5 shows the results with respect to the optimal provision of open space in 

neighbourhoods consisting of apartments only. The fi rst column shows the marginal WTP 

of 1 m2 open space, the second column the total number of households per 500 meter 

circle. The total benefi ts of open space are shown in column (3). 

Because apartments do not have a lot size, we use the marginal price of fl oor area as the 

basis for computing the opportunity cost for open space. The WTP of fl oor area, as calcu-

lated in the HPF is shown in column (4). In order to compare the WTP of 1 m2 open space 

with the total benefi ts of open space we have to take into account that apartments are built 

on top of each other. This suggests that if the amount of residential land reduces with 1 m2, 

the amount of fl oor area reduces with more than 1 m2. However, we must also take into 

account that apartment buildings have common space (for example hall(way), walkway, 

elevators etc.) and that Dutch regulation states that between such buildings there must be a 

minimum amount of open space.72 To compare fl oor area with the corresponding amount of 

residential land used by an apartment, we introduce a correction factor k that incorporates 

these factors.  

By defi nition the total amount of fl oor area is equal to the average number of apartments 

in a neighbourhood (N) multiplied with the average size of fl oor area of one apartment (hi). 

Using the CBS-data on land use type, we obtain the average size of residential area in a 

neighbourhood (Hi). The correction factor (ki) can therefore be calculated as:

                           

                  (5.21)

Its value equals 1.41 for Amsterdam, 1.04 for The Hague and 1.10 for Rotterdam. This means 

that in Amsterdam 1 m2 fl oor area is equal to 1.41 m2 residential land. The WTP of residen-

tial land is given in the last column. 

The conclusions with respect to the optimal provision of open space in apartment neigh-

bourhoods are equal to those reached for single-family housing neighbourhoods in 

Amsterdam (Vondelpark) and The Hague. In Amsterdam and The Hague the total benefi ts of 

open space are higher than the price of residential land (column (5)), which suggests that 

households living in an apartment would like to have more open space and less private 

space in their neighbourhood. In Rotterdam the price of residential land is higher than the 

total benefi ts of open space and households would rather have more private space and less 

open space.
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72 |  This type of open space is not registered as parks or public gardens in the CBS statistics.
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Table 5.5 Optimal provision of open space in neighbourhoods consisting of apartments only

  

  

Amsterdam 0.09 (0.07) 5977    

   Vondelpark 0.26 (0.11) 5977 1,557.62 (652.03) 548.22 (163.36)  1.41 388.81 (115.79) 

The Hague 0.23 (0.06) 4684 1,064.34 (290.27) 937.79 (96.54)  1.04 901.73 (92.84)

Rotterdam 0.13 (0.05) 3736 485.16 (169.42)  613.25 (81.06)  1.10 567.83 (73.60) 

    

The table reports the results with respect to the optimal provision of open space in neighbourhoods consisting of apart-

ments only. The standard errors of the marginal prices are given in parentheses.

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

b: The corresponding number of households per hectare equals 76 for Amsterdam, 60 for The Hague and 48 for Rotterdam.

c: The correction factor (k) is equal to the exchange rate between 1 m2 floor area and k*1 m2 residential land.

We conclude with some caveats. An obvious and potentially important one is that our ap-

proach is only able to measure the value of open space that is reflected in house prices. 

This means that we can – at best – only measure the value that residents of the area attach 

to this amenity. The value that non-residents attach to the amenity may be as relevant, 

especially in areas that attract large numbers of tourists or where employees working close 

by go out for lunch. A second issue is that we could not take into account the deterioration 

of the quality of parks and public gardens that may be caused by the continual presence of 

people – for instance homeless people – who (correctly or not) give the impression to other 

visitors that the area is unsafe, not suitable for playing children, et cetera. These problems 

seem to be present in all large urban areas and can result in substantial changes in the 

value attached to public urban space (in extreme cases this value may even become nega-

tive).
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Marginal price 

open space 

(m2) 

(2)b 

Total number 

of households 

(per 500 m 

circle) 

(3)

Total benefits 

of open space 

[=(1)*(2)] 

(4) 

Marginal price  

floor area (m2) 

(5)c

Correc-tion 

factor

(k)

 

(6)

Marginal price  

residential 

land (m2)

[=(4)/(5)]
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5.4 

Demand for open space and land

5.4.1 Demand functions for characteristics

The results of the previous sections are of potential interest for city planners. The design of 

neighbourhoods in new or upgraded residential areas could benefit from information about 

the marginal willingness-to-pay for amenities like open space of potential residents. This 

information would be even more valuable if more than just the average value of this vari-

able over the population at large were known. It would clearly be of interest to know how 

the demand for parks and public gardens relates to income and whether private and public 

space are substitutes. For instance, parks can perhaps be considered as the poor man’s 

alternative for a private garden, and if true, this would suggest that demand for this amen-

ity would decrease with higher incomes. On the other hand it may be also be conjectured 

that especially rich urban households who live in apartments close to the city centre will 

appreciate the presence of parks and public gardens, and that this amenity is important for 

attracting such households to urban residential areas. Typically, questions like these cannot 

be answered solely on the basis of estimating a hedonic price function.  

Rosen’s (1974) path breaking analysis of implicit markets proposed a second stage of in-

vestigation after estimating the hedonic price function that would provide answers to these 

questions. The basic idea of this second stage is that a combination of an observed amenity 

value and its marginal price (as estimated by the hedonic price function) can be interpreted 

as a point on an individual’s demand curve for this amenity. This suggests the possibility of 

recovering the complete demand curve by further analysis of these combinations. Rosen’s 

proposal was to regress the marginal prices on the quantity of the amenity and other deter-

minants of demand using instrumental variables techniques. 

However, in later years, it was pointed out by Epple (1987), Bartik (1987) and others that the 

identification problem associated with this second stage was more serious than was real-

ized before. The basic problem is that consumers with identical tastes will choose the same 

point on the hedonic price function. Hence the various combinations of marginal prices 

and quantities implied by an estimated hedonic price function correspond in principle all 

to different demand curves. Of each demand curve only a single point is observed and this 

severely limits the possibilities to estimate price or income elasticities.

The problem is illustrated in Figure 5.2 which refers to a simple case in which the marginal 

price of a characteristic that follows from the hedonic price function can be drawn as a 

function of its quantity. The curves A and B refer to observations of two different markets. In 

Figure 5.2 also a number of individual demand curves are drawn. These demand curves are 

different because the consumers are heterogeneous. In this illustration the demand func-

tions are linear with identical slopes. Since each curve crosses line A and line B only once, 

we are unable to recover the common slope of the demand curves from the joint observa-

tions of marginal prices and quantities on a single market.
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Figure 5.2 Heterogeneous consumers and marginal prices

Suppose, we want to interpret the observed marginal willingness-to-pay for open space 

(or its logarithm) as originating from a linear inverse demand function with an individual-

specifi c intercept due to unobserved heterogeneity:

                      

                  (5.22)

In this equation P denotes the hedonic price function, S open space, X a vector of other 

explanatory variables (such as household characteristics), a, b and c are coeffi cients, and 

ε is a random variable refl ecting unobserved heterogeneity that has expectation 0 and is 

independent of X. The hedonic price function implies that the marginal price of open space 

is a function of the amount of open space itself (as well as other housing characteristics, 

which we keep constant here). This gives a second equation:

                      

                  (5.23)

The lines indicted as A and B in Figure 5.2 show the function f for two different markets.

Individuals sort themselves on the housing market on the basis of their observed and 

unobserved characteristics and this introduces correlation between ε and S. Indeed, we can 

conclude from (5.22) and (5.23): 

                  (5.24)

                     

This illustrates the diffi culty of fi nding good instruments for S in a regression equation 

based on (5.22). In such a regression ε will be part of the residual and it is clear that in 

general it will be correlated with S.
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5.4.2 Identification by different markets

The identification problem discussed above has plagued the empirical implementation of 

Rosen’s proposed second stage until the present day. The problems pointed out by Epple 

(1987), Bartik (1987) and others imply that many candidates for suitable instruments are 

disqualified. See, for instance, the elaborate discussions in Palmquist (2006) and Ekeland et 

al. (2002). One example that is particularly relevant in the present context is Cheshire and 

Sheppard’s (1998) estimation of a rich demand system using spatial lags as instruments. 

Palmquist (2006) criticizes this approach by pointing out that, unlike temporal lags, spatial 

lags are not unidirectional and therefore cannot serve as valid instruments. One of the few 

remaining possibilities is identification by observations referring to multiple markets (see, 

for instance Kahn and Lang (1988)). 

To see how this works, return to Figure 5.2 and assume that the populations in the two 

cities are similar. That is, households with the same observed characteristics have linear 

demand curves in both cities that may only differ in the value of their intercepts. After con-

trolling for observed heterogeneity, the remaining differences in the intercepts are caused 

by unobserved heterogeneity. If the statistical distribution of the variable representing the 

unobserved heterogeneity is the same in both cities, a researcher is able to recover the ‘av-

erage’ demand curve by using observations from two cities. Figure 5.2 refers to a situation 

where all heterogeneity is unobserved. The observations referring to the two cities are on the 

bended lines A and B, and the average demand curve is indicated by the fat dashed line. 

This somewhat informal exposition makes clear that this approach uses assumptions with 

respect to unobserved heterogeneity that are difficult (if not impossible) to test. Although 

they are strong, they may be acceptable as a first approximation to the investigation of the 

demand for open space.

However, if we have information about separate markets, we may take market dummies as 

instruments. This means that we replace S on the right-hand side of (5.22) by another vari-

able S* whose value is determined by X and the market dummies Z.  If ε is independent of 

X and Z, this removes its effect on the chosen value of S from the left-hand side of (5.22) 

and this justifies the instrument. The approach is, of course, similar for other characteristics 

like floor space and lot size.

Clearly, a basic assumption of this approach is that the parameters of individual inverse 

demand functions, including the distribution of the unobserved heterogeneity, are identi-

cal in all markets that can be distinguished. Even though this implies that the structure 

of demand is similar in the two cities, the hedonic price functions that represent market 

equilibria may be different because of differences in the composition of the housing stock. 

Such differences may be caused by the historical development of the cities. The fact that 

the three cities to which our empirical work refers are located in a small part of the Nether-

lands, which is a country with a relatively homogeneous population, makes the assumption 

of Amsterdam  is more cosmopolitan than the other two cities. In the previous section we 

noted that the historical development of the three cities – and their housing stock – was 

substantially different, which helps to explain the differences between the estimated he-

donic price functions we reported above.73
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5.4.3 Estimation of the demand functions

The database we used to estimate the hedonic price functions contains no information 

about the characteristics of the buyers of the house. We have therefore combined the re-

sults of the estimated hedonic price functions with a different data base, the Housing Needs 

Survey (in Dutch: Woning Behoefte Onderzoek, usually abbreviated as WBO). This survey is 

held every four years and we used the version of 2002, the year closest to our transaction 

data. Even though the survey contains a large number of observations (more than 60,000), 

its national character and the low share of owner-occupation in the large Dutch cities, result 

in only a few hundred observations that can be used in each of these cities. The WBO data 

contain the self-reported value of the house of the respondent, floor area, size of the gar-

den, as well as the postal-code area of the house. Our hedonic price function implies that 

the marginal price of an increase of one percent open space is equal to the estimated coeffi-

cient for open space and the transaction price of the house; the marginal price of floor area 

equals the estimated coefficients for floor area, divided through the floor area, and multi-

plied by the house price. Since house price and floor area are included in the WBO, we can 

use the results of the hedonic price equation (the coefficients for open space and floor area) 

if these two variables (house price and floor area) are equivalent in the NVM and WBO data.

To introduce more flexibility in the way we measure marginal prices, we estimated spatially 

weighted versions of the specification of the hedonic price functions presented in the previ-

ous section.74 That is, we carried out local linear regressions using spatial weights. These 

weights are proportional to the inverse of the distance between the observations and repre-

sentative coordinates for all postal code areas. The representative coordinates are defined as 

the averages of the coordinates of the observations in our data base. We estimated such local 

linear regressions for all postal code areas in which we have observations. The resulting mar-

ginal prices of characteristics were used in the IV as well as in the Bajari Benkard regressions 

to estimate the structural parameters. Using the marginal prices of the spatially weighted 

regression led to a substantial improvement in the second stage results as compared to the 

use of the marginal prices implies by the estimated demand function of the previous section. 

Results of IV-estimations are listed in Table 5.6. They refer to the pooled observations of the 

three cities. Dependent variables are the marginal prices (or their logs) estimated on the 

basis of the spatially weighted regressions, as explained above. Besides income, we also 

include other household characteristics. Couples and singles were further distinguished on 

the basis of higher education. The number of children, the number of adults in the house-

hold and age of the head of the household were also incorporated. In all equations dum-

mies for Rotterdam and The Hague were used as instruments.

The results reported in columns (1a), (2a) and (3a) refer to a specification in which the de-

pendent variables are not transformed. The equation for open space does not have the ex-

pected negative slope, but the other two equations show a statistically significant negative 
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73 |  Recently Bajari and Benkard (2005) have proposed an alternative methodology for Rosen’s second step. It is based 

on strong functional form assumptions: their utility function is quasi linear which implies that demand for housing 

characteristics does not depend on income and additive, which restricts substitution effects.

74 |  A similar approach was used in Bajari and Kahn (2007) to implement the Bajari and Benkard (2005) methodology 

on housing market analysis.
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effects of the quantity consumed on willingness-to-pay. In all three equations income has a 

statistically significant positive effect, and in most cases the presence of a highly-educated 

adult has a similar effect. The age of the head of the household also has a positive effect on 

the marginal willingness-to-pay in all three equations. The presence of children increases 

the marginal willingness-to-pay for open space and floor space, but not for lot size. 

Columns (1b), (2b) and (3b) show estimation results for the same specification with a loga-

rithmically transformed dependent variable. Most of the results are qualitatively similar, the 

only exception being the switch in sign of the parameter for couple in the lot size equation. 

Again, we are unable to estimate a decrease in the marginal willingness-to-pay for open 

space when the quantity consumed goes up. We have also experimented with equations in-

cluding (instrumented) cross-effects to see if the marginal willingness-to-pay for floor space 

or lot size depends on the availability of open space, or vice versa, but were unable to find 

significant substitution or complementarily effects of these three characteristics.75 For the 

floor space and lot size regressions the slope of the inverse demand function remained 

significantly negative, whereas for the open space regression it remained insignificant. 

Table 5.6 Results of IV estimation

 

        (1a)          (1b)     (2a)       (2b)     (3a)       (3b)

Marg. WTP for 1 m2 of:                Open space              Floor area                  Lot size

Transformation                                   log                                  log                                   log 

Constant -0.53  (0.12)   -4.32  (2.1) -1,909 (748) 21.2  (3.0) -879  (648)  9.8  (1.4)

Log (Income) 0.053  (.013)  0.22  (.05) 394  (88)  0.68  (.15) 168  (71)  0.31  (.10)

Age of head of household 0.003  (.001)  0.010  (.003) 13.8  (4.0)  0.024  (.006) 6.98  (2,6)  0.010  (.004)

Couple -0.02  (.02)  -0.04  (.12) -300  (142) -0.34  (.22) 58.3  (94)  0.13  (.16)

* both partners hea 0.13  (.02)  0.50  (.07) 891  (181) 1.39  (.26) 286  (88)  0.55  (.15)

* one partner hea         0.05 (.02)  0.22 (.09) 522  (131) 0.87  (.21) 112  (71)  0.095  (.10)

Single *hea 0.02  (.02)  0.07  (.11) 111  (88) 0.28  (.17) 364  (142)  0.77  (.23)

Number of children 0.030  (.007)  0.09  (.03) 102  (54)  0.21  (.08) 35.8  (24)  0.054  (.03)

Number of adults 0.01  (.01)  -0.00  (.08) 188  (112) 0.29  (.16) -25.8  (44)  0.019  (.07)

Percentage open space 0.00   (.0)     

Log (perc. open space)   -0.05  (.20)    

Floor area     -23.2  (4.9)   

Log (floor area)       -5.20  (.97)  

Lot size         -4.98  (1.6) 

Log (lot size)           -1.59  (.42)

Number observations   1,771        1,771     1,854       1,854        657         657

      

The table reports the estimates of IV-regressions. The standard errors are in parentheses. Statistically significant effects 

(at the 5 per cent level) are in bold.

a: he = for higher educated
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5.4.4 Application

Together with the theory developed in Section 5.2.2 and the results with respect to the 

demand functions we are now able to estimate the optimal neighbourhood planning. In line 

with our preferred hedonic price function estimate, we consider a circular neighbourhood 

with a radius of 500 meter. All parks and public gardens in this neighbourhood benefi t all its 

inhabitants. We assume that land use outside this neighbourhood does not affect the well 

being of its inhabitants.

More specifi cally, we consider a neighbourhood i in which a given total amount of land Ri 

is available for parks and residential use. The value of Ri is typically much less than the total 

amount of land available in the neighbourhood, as some of this space is used for other 

purposes, such as road infrastructure, and we take this as given. We also assume that the 

planner takes the price of residential land in neighbourhood i as given. This is motivated 

by the fact that the neighbourhood is a small part of the city-wide housing market. Optimal 

land use planning at the neighbourhood level is conditional upon the outcomes of this 

larger level. This price must be equal to the marginal willingness-to-pay for land: 

                  
(5.25)

 

                 

This equation determines lot size hi. To provide the optimal amount of open space the 

Samuelson rule has to be satisfi ed. We repeat it here as:

       
           

(5.26)

where Ni is the number of households living in neighbourhood i (that is, Ni is the number 

of households per 500 meter circle) and WTP denotes the willingness-to-pay for one square 

meter of open space Si or lot size hi . Finally, we have the space restriction:

                  
(5.27)

Here Ri is the amount of space available for parks and residential development per hectare.  

In general this gives a nonlinear system of equations that can only be solved numerically. 

However, with linear WTP functions, say                                  and                      

can easily be solved for hi and the remaining two equations are quadratic and can also be 

solved. The solution is given in the Appendix. A further simplifi cation is possible if the pa-

rameter β1=0, as we found in our IV regression (see column (1a) of Table 5.6).  In that case we fi nd:

                (5.28a)

                     

                (5.28b)

                     

                (5.28c)
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75 |  This is in accordance with the functional form assumption of Bajari and Benkard (2005), see the previous footnote. 

The functional form they use also implies that in the logarithmic demand functions the slope coeffi cients must be equal 

to -1. Our estimated values differ signifi cantly from -1 in all three equations.
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This shows that lot size is decreasing in the price of land, while the number of households 

is proportional to the price of land. Interestingly, the optimal amount of open space is a 

quadratic function of the price of land that is decreasing at relatively low prices and increas-

ing at relatively high prices.

In practice the following simple procedure can be followed to arrive at optimal land use 

implied by (5.28). If a given amount of space Ri is available in a neighbourhood, the lot 

sizes of residential land are determined by the price of land in that neighbourhood, which 

is determined at the city level. The number of lots should be increased until the marginal 

willingness-to-pay for parks and public gardens equals the price of land. The remaining land 

should be used as parks or public gardens.

We assume that 60 per cent of the land of the neighbourhood is available for residential 

land and open space purposes. Table 5.7 refers to single-family houses. The household 

characteristics have been set equal to the average of the households living in single-family 

houses of our sample of WBO respondents and are shown in column (1). We use this as 

a reference case. The figures in the table show that the optimal amount of public space 

equals 12 per cent, so that there remains 48 per cent for residential lots. The marginal price 

for lot size is equal to € 559 per square meter. Unsurprisingly, the marginal price for one 

additional square meter of open space is much lower and equals 0.24 cent. The density of 

households in this optimal situation is equal to 29 households per hectare.

If, for example due to external reasons, the WTP of lot size increases, the density of house-

holds will also increase, due to the Samuelson condition (see equation 5.28c). Because 

the lot size remains the same, the available amount of land for open space decreases. The 

second column shows the case in which the WPT of lot size increases with 10 per cent. In 

the third column the same situation is described, but now the WTP of lot size decreases 

with 10 per cent. 

Columns (4) through (7) show situations in which the composition of the neighbourhood 

changes. In column (4) the average income rises with 10 per cent. This leads to an increase 

in both the WTP of lot size and the WTP of open space. Because the increase of the WPT of 

lot size is higher than the increase in the WTP of open space, the density slightly increases. 

The optimal percentage of open space decreases. If the average number of children per 

households increases again both WTP increases (see column (7)). However the increase of 

the WTP of open space is higher, which in comparison with the reference situation, results 

in a lower density. The amount of open space increases slightly.

Finally, we note that planners usually not only have discretion over the composition of 

available space for public and private use, bus also on lot sizes. Column (8) and (9) show 

what happens if the size of the lot size is constrained. In column (8) the lot size is set to 100 

m2, which is considerably lower than in the reference case. The WTP of lot size is now equal 

to € 872, and the density increases to 46 households per hectare. In column (9) the lot size 

is set at 200 m2, which is larger than market participants would choose if they were to face 

a continuum. Now in the optimal situation the density decreases to only 20 households 

per hectare. The marginal willingness-to-pay for extra private space, the opportunity cots 
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of open space is equal to € 374. As a result the optimal amount of public space is high, and 

equals 20.56 percent. 

Table 5.7 Application: single-family houses

         

Next, we consider a neighbourhood consisting of apartments only. As described in Section 

5.3.5 we have to correct for the fact that 1 m2 floor area is not equal to 1 m2 residential land. 

We take the average of the estimated correction factor of the three cities, which is equal to 

1.18. In column (1) of Table 5.7 the reference case is shown. The optimal amount of open 

space is equal to 14.49 percent, the WTP floor area is equal to € 989 and the WTP open 

space is equal to € 0.19. The density is equal to 57 households per hectare. The WTP of open 

space of households living in apartments is lower than the WTP of open space for house-
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Inputs         

Income 36,895 36,895 36,895 40,584 36,895 36,895 36,895 36,895 36,895

Age of head household 46 46 46 46 51 46 46 46 46

Couple 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86

* both partners hea 0.30 0.30 0.30 0.30 0.30 0.33 0.30 0.30 0.30

* one partner hea 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22

Single * hea 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06

Number of children 0.86  0.86  0.86  0.86  0.86  0.86  0.94  0.86  0.86 

Number of adults 2.04 2.04 2.04 2.04 2.04 2.04 2.04 2.04 2.04

WTP lot size 559 615 503 575 594 567 562 872 374

WTP open space 0.24 0.24 0.24 0.25 0.26 0.25 0.24 0.24 0.24

         

Outputs         

Lot size 163 152 174 163 163 163 163 100 200

Perc. open space 12.00% 10.84% 13.83% 11.99% 11.99% 12.04% 12.25% 14.01% 20.56%

Perc. residential land 48.00% 49.16% 46.17% 48.01% 48.01% 47.96% 47.75% 45.99% 39.44%

Number of households 2,314 2,546 2,083 2,332 2,315 2,312 2,302 3,612 1,549

(per 500 m circle)

Number of households 29 32 27 30 29 29 29 46 20

(per hectare)

         

The table reports the inputs and outputs of the optimal neighbourhood planning of neighbourhoods consisting of singly-family houses 

only. Bold figures indicate a change of the input variable with respect to the reference case, which is shown in the first column.

a: he = higher educated
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holds living in single-family houses. This is due to differences in household characteristics. 

Column (2) and (3) shows what happens if the price of a m2 floor area changes. If the price 

of floor area increases, the size of the apartment decreases, the density increases and 

the optimal amount of open space decreases. On the other hand, if the price of floor area 

decreases, the optimal amount of open space increases. If the income and the number of 

children rises in the neighbourhood it is optimal to increase the amount of open space. 

However if the number of higher educated couples increases, the amount of open space 

should decrease in order to be optimal.

Table 5.8 Application apartment
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Inputs         

Income 29,899 29,899 29,899 32,889 29,899 29,899 29,899 29,899 29,899

Age of head of household 42 42 42 42 47 42 42 42 42

Couple 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59

* both partners hea 0.22 0.22 0.22 0.22 0.22 0.24 0.22 0.22 0.22

* one partner hea 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12

Single * hea 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21

Number of children 0.34 0.34 0.34 0.34 0.34 0.34 0.38 0.34 0.34

Number of adults 1.66 1.66 1.66 1.66 1.66 1.66 1.66 1.66 1.66

WTP floor area 989 1,088 890 1,027 1,058 1,009 993 1,800 292

WTP open space 0.19 0.19 0.19 0.19 0.20 0.19 0.19 0.19 0.19

k (correction factor) 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18

Outputs         

Floor area 95 91 99 95 95 95 95 60 125

Perc. open space 14.49% 12.19% 17.20% 14.00% 14.90% 14.28% 14.58% 7.67% 42.30%

Perc. residential land 45.51% 47.81% 42.80% 46.00% 45.10% 45.72% 45.42% 52.33% 17.70%

Number of households 

(per 500 m circle) 4,441 4,885 3,997 4,490 4,401 4,461 4,433 8,083 1,313

Number of households 

(per hectare) 57 62 51 57 56 57 56 103 17

The table reports the inputs and outputs of the optimal neighbourhood planning of neighbourhoods consisting of apartments only. 

Bold figures indicate a change of the input variable with respect to the reference case, which is shown in the first column.

a: he = higher educated

b: The correction factor is equal to the exchange rate between 1 m2 floor area and k*1 m2 residential land.
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If the size of an apartment is set at 60 m2, the density increases sharply and the optimal 

amount of open space decreases. If the size of an apartment is set at 125 m2, the density 

decreases to only 17 households per hectare, and the optimal percentage of open space is 

in this situation equal to 42 per cent.

Further investigation revealed that the willingness-to-pay for parks and public gardens 

increases with income, although not as fast as that for private residential space. As a result 

the optimal amount of open space reduces when the average income of a neighbourhood 

increases. Constraints with respect to floor size have a large impact on the optimal planning 

of a neighbourhood. If the lot sizes are fixed at a smaller size than the market participants 

would like, the density increases considerable and the amount of open space increases. 

However, if the lot size is fixed at a high minimum constrain, the optimal amount of open 

space increases and the density decreases.

5.5 

Summary and conclusions

Dutch land use planning – and particularly its attempt to preserve open space outside cit-

ies – has general support among the population. There is little doubt that this policy has 

contributed significantly to restricting urban sprawl in the central part of the Randstad (the 

so-called Green Heart), which is appreciated by many people. There has been less atten-

tion for the potentially disadvantageous side effects that come in the form of high building 

densities, high house prices and more pressure on open space within these borders. An 

investigation into the value attached by Dutch citizens to residential space and open space 

within cities seems therefore appropriate. 

In this chapter, we investigate some important welfare aspects of a specific spatial planning 

measure, the provision of open space within cities. We use the monocentric model of the 

city to derive a simple cost-benefit rule for the optimal provision of open space. This rule 

is essentially the Samuelson-condition for the optimal provision of a public good, with the 

price of land as the appropriate indicator for its cost. The condition has been made opera-

tional by computing the willingness-to-pay for public and private space on the basis of 

empirical hedonic price functions for three Dutch cities. In Amsterdam, The Hague and Rot-

terdam the presence of parks and public gardens within the vicinity of the house increases 

the value of the house. This means that households are willing to pay more for a house if 

the house is located in a neighbourhood with open space. Less surprising, but also impor-

tant, is the fact that households are willing to pay more for a house if the lot size (or floor 

area) of the house is larger. Of the three investigated cities, the city of Rotterdam has the 

highest price per m2 private space. This is in line with the tight housing market situation in 

Amsterdam and with the fact that the average floor area of the house is the smallest of the 

three cities. The willingness-to-pay for open space is lowest in Amsterdam. The quality of 
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open space seems to have an influence on the willingness-to-pay.    

Households living in single-family houses and households living in apartments differ in 

their willingness-to-pay for open space within a distance of 500 meter to their homes. How-

ever the conclusions with respect to the optimal provision of open space are the same in 

neighbourhoods consisting of single-family houses only or apartments. In Amsterdam (the 

Vondelpark), The Hague and Rotterdam, the provision of open space is below its optimal 

level and households would rather have more open space and less private space. The only 

exception is the case of households living in apartments in Rotterdam; these households 

would rather have more private space and less public space. These results are conditional 

on the use of a 500 meter radius for the effect of open space, as is current practice in Dutch 

spatial planning. Further investigation revealed that the willingness-to-pay for parks and 

public gardens increases with income, although not as fast as that for private residential 

space. As a result the optimal amount of open space reduces when the average income of 

a neighbourhood increases. Constraints with respect to floor size have a large impact on 

the optimal planning of a neighbourhood. If the lot sizes are fixed at a smaller size than the 

market participants would like, the density increases considerable and the amount of open 

space reduces. However, if lot sizes are fixed at a high minimum constrain, the optimal 

amount of open space increases and the density decreases.
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Appendix

With linear WTP functions the system of equations (5.25)-(5.27) becomes:

              

              (A.1)

           

              (A.2)

           

              (A.3)

Solving (A.1) for h and substitution of the result in (A.3) gives:

           

              (A.4)

After substitution of this result and rearranging terms, (A.2) becomes:

              (A 5)

Solving this quadratic equation in the standard way gives:

               (A.6)

Going back to (A.4), we can solve for N as:

              (A.7)

It should be noted that if the positive sign in front of the square root symbol in (A.6) is 

relevant, the minus sign holds in front of the square root symbol in (A.7), and vice versa. 
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Table A.1 Descriptive: mean values

 

 
Amsterdam  The Hague Rotterdam 

 (N=2,328)    (N=4,404)   (N=3,861)

Transaction price (Euro) 238,007 162,235 161,878

Capacity (m3) 271.87 319.66 318.43

Floor area (m2) 94.35 108.73 113.06

Floor area * apartment (m2) 85.96 94.11 91.86

Lot size (only for single-family houses) (m2) 135.8 178.9 186.72

Build  before 1906 (dummy) 0.18 0.07 0.04

Build in the period 1906–1930 (dummy) 0.29 0.30 0.13

Build in the period 1931–1944 (dummy) 0.09 0.27 0.24

Build in the period 1945–1959 (dummy) 0.04 0.12 0.16

Build in the period 1960–1970 (dummy) 0.12 0.09 0.12

Build in the period 1971–1980 (dummy) 0.05 0.06 0.09

Build in the period 1981–1990 (dummy) 0.07 0.03 0.11

Build after 1990 (dummy) 0.16 0.06 0.13

Presence of gas heater (dummy) 0.16 0.20 0.13

Presence of garage (dummy) 0.04 0.05 0.08

Presence of garden (dummy) 0.26 0.33 0.39

Number of rooms  3.33 4.36 3.89

Terraced house (dummy) 0.13 0.16 0.27

Detached (dummy) 0.01 0.00 0.01

Semi-detached (dummy) 0.01 0.01 0.03

Apartment (dummy) 0.85 0.83 0.69

Monument house (dummy) 0.03 0.01 0.00

Maintenance good (dummy) 0.90 0.83 0.87

Maintenance bad (dummy) 0.10 0.17 0.13

Distance to city centre (central station) (km) 4.03 3.53 3.71

Percentage ethnic minorities (%) 23.75 16.52 22.45

Population density/km2 12.19 11.00 8.05

Percentage parks and public gardens (%)  9.07 10.22 9.89

Percentage parks and public gardens * apartment (%) 5.64 6.43 4.89

Percentage agricultural land (%) 1.53 1.34 3.76

Percentage industrial area (%) 5.55 3.56 5.98

Percentage service area (%) 5.18 6.05 8.57

Percentage open water (%) 8.96 2.94 7.61
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