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Bombs, boundaries and buildings:
A regression-discontinuity approach to
measure costs of housing supply restrictions*
9.1

Introduction

As a large number of European and US cities were founded centuries ago, most American and European
cities apply housing supply restrictions to protect a historic building stock that offers amenities to
inhabitants and tourists (Anas et al., 1998). Historic amenities in these areas are then generated by
listed buildings, monuments, parks and the urban infrastructure from past times (Brueckner et al.,
1999).
The presence of external amenities may justify the use of regulatory constraints with respect to the
construction of new buildings and the maintenance and subdivision of existing buildings. Although
there is a vast amount of studies that analyse the net effect of historic amenities on house prices, studies
that investigate the costs of restrictions are rare.201 An issue is that supply restrictions, such as
minimum lot sizes, subdivision rules and height restrictions, are difficult to measure because
constraints are often extremely vague (Glaeser and Ward, 2009). So, city-level data with detailed
information on regulations is often not available, let alone data on intra-city differences in regulations
(Quigley and Raphael, 2005; Glaeser and Ward, 2009). Also the endogeneity of restrictions and the
potential bias that arises because of omitted spatial factors makes it difficult to investigate the effects of
restrictions on house prices (Quigley and Rosenthal, 2005; Ihlanfeldt, 2007). Current studies therefore
have to rely on strong functional form assumptions, only measure the effect of between-city regulatory
differences, or do not solve the potential endogeneity of regulatory constraints (see for examples
Cheshire and Sheppard, 2002; Glaeser et al., 2005b; Ihlanfeldt, 2007; Glaeser and Ward, 2009).
In this chapter, we estimate the costs of differences in within-city regulatory constraints for house
owners using a spatial regression-discontinuity design. In contrast to between-city regulations, withincity differences are more likely to lead to lower house prices in the area with a more stringent policy, as

* This chapter is based on Koster, H.R.A., Van Ommeren, J.N. and Rietveld, P. (2012). Bombs, Boundaries and
Buildings: A Regression-Discontinuity Approach to Measure Costs of Housing Supply Restrictions. Regional Science
and Urban Economics 42(4): 631-641. NVM (Dutch Association of Real Estate Agents), the
Rijksmonumentenregister, the Kadaster and the Department of Infrastructure and Environment are gratefully
acknowledged for providing data. We thank Eric Koomen for kindly providing data on building heights and Ronnie
Lassche for his assistance with geographical data. We also thank two anonymous referees, the editor Daniel
McMillen, Jaap de Vries, Paul Koster, Wouter Vermeulen and Marnix Koopman for useful comments. This paper is
presented at the 1st European Meeting of the Urban Economics Association, at the meeting of the SEO and at
seminars at the University of Erlangen-Nürnberg, VU University Amsterdam and the Erasmus University
Rotterdam. Seminar audiences are thanked for their constructive comments.
201 Clearly, regulatory constraints on land use in urban areas do not only relate to constraints on housing, but also
to constraints on industrial or commercial activities in residential areas. Such constraints are expected to have
positive effects on house values. In this chapter we focus on constraints concerning residential properties, in
particular with respect to historic amenities. For studies that analyse the net effects of historic amenities, see
Asabere et al. (1989), Schaeffer and Millerick (1991), Clark and Herrin (1997), Coulson and Leichenko (2001),
Leichenko et al. (2001), Navrud and Ready (2002), Coulson and Lahr (2005), Ahlfeldt and Maennig (2010c), Lazrak
et al. (2011) and the previous chapter.
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there are houses available that are close substitutes (located in the area with fewer restrictions)
(Glaeser and Ward, 2009; Turner et al., 2011). Only if the stringent policy is viewed as a beneficial
public good (as may be the case with height restrictions), then prices may be higher. In contrast,
regulatory constraints may also enter as an implicit tax, which will lower the house price. For example,
houses may have stronger maintenance obligations and are subject to stronger regulations with respect
to changes in the exterior of a house.
This is one of the first studies that investigates the impact of intra-city regulation differences, as one
generally does not clearly observe a city with different regulations (Glaeser et al., 2005a; 2005b; Aura
and Davidoff, 2007). That is not to say that they do not exist: in nearly all cities, the strictness of
restrictions differs within the city, dependent on zoning plans, complex regulatory guidelines and lobby
groups. We are not the first to use a regression-discontinuity to measure costs of regulatory constraints.
Turner et al. (2011) measures the so-called own-lot effect and external effects of regulation by looking
at land values at both sides of a municipal boundary with different regulations. They find that a
marginal reduction in restrictions is likely welfare improving. Grout et al. (2011) concentrate on the
price effects of an urban growth boundary, instead of investigating the price effects of within-city
regulatory differences. Zhou et al. (2008) use a slightly different procedure to evaluate the effects of
regulation. They compare matched parcels on either side of a zoning boundary before and after a
change in a zoning ordinance and find that zoning did not impact residential land values, but increases
the value of commercial parcels. McMillen and McDonald (2002) find that land use restrictions increase
the growth rates of values of residential lots, using the implementation of a new zoning ordinance as a
natural experiment.
This study focuses on the city of Rotterdam, the Netherlands. Similar to Davis and Weinstein (2002),
we use a World War II bombing as a ‘natural’ experiment, as a large part of the city centre was bombed
in World War II. After World War II, the city centre of Rotterdam was completely redeveloped with a
different spatial lay-out. Nowadays it is the only Dutch city with an American-style central business
district with high-rise buildings. The area that is not bombed hosts many listed buildings that offer
external amenities to households living in this area. Therefore, most parts in the not bombed area are
conserved by the municipality (and sometimes also by the national government), implying more
housing restrictions. So, the bombing boundary indicates an exogenous difference in current housing
restrictions. It is expected that, current house prices of houses are higher in the bombed area, as
restrictions are more stringent and binding in the not bombed area. We emphasise that at the boundary,
the external benefits of regulation (e.g. historic amenities) will be approximately continuous, as houses
are often in the same street and therefore share the same amenities.202 Moreover, because historic
amenities can also be measured using continuous variables (e.g. the number of listed buildings in
vicinity) the presence of historic amenities and the regulatory difference at the bombing boundary are
not perfectly collinear. We furthermore include distance to boundary variables that should also capture
amenities that are continuous over space. This enables us to empirically separate out costs of
restrictions.
202 This does not imply that there are no large benefits of regulation for the not bombed area, only that these
regulation-induced benefits are more or less continuous at the boundary, so that we control for these benefits.
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The results show that, when we do not control for amenities and neighbourhood attributes, the price
per square meter is about 5 percent higher in the bombed area, which we interpret as a lower bound
estimate of the costs of regulatory constraints for house owners. After controlling for amenities and
neighbourhood attributes, the difference in price at the boundary is about 10 percent, suggesting that
house owners’ costs of regulatory constraints are substantial. This result is robust to a large range of
alternative specifications and the threshold distance to the boundary. An important implication of this
study is that the benefits of conserving a certain area should be substantial to justify additional
regulatory constraints. This may explain why a number of studies find no or even a negative net effect of
conserving listed buildings (Coulson and Lahr, 2005): in these areas the benefits of conservation are
offset by the costs.
There are three caveats to the identification strategy using the bombing boundary to measure the
price effects of current restrictions. First, we acknowledge that our identification strategy does not
allow for measuring the potential costs of inter-city regulation, which may also (or even more) be
important (see e.g. Ihlanfeldt, 2007): we concentrate on the costs of within-city regulations, instead of
the total costs of regulations, which may be even higher. Related to this, in this chapter we basically
compare a restrictive with a less restrictive regulatory regime in respectively the not bombed and
bombed area, so we are only identifying a differential effect. Our identification strategy does not enable
us to compare situations with and without restrictions (as such a situation does not exist). This implies
that our measure of the price effect of within-city restrictions is likely an underestimate.
Second, because we have only house prices and not land prices or rents, we focus on just one market
(of owner-occupied housing). In the Netherlands, the large majority of rents are controlled and owners
of rent-controlled apartments are not allowed to sell these apartments by terminating rent controls. So,
rents are likely not reflecting the true market price and are therefore less useful in measuring
restrictions. Moreover, we do not have detailed data on rents for the area under consideration. Data on
land values is unfortunately also unavailable.
Third, we note that when there are housing or neighbourhood attributes that are unobserved and
that change discontinuously at the boundary, the price effect of restrictions may be biased. Further,
when there are unobserved regulation-induced amenities that are discontinuous at the boundary, our
estimate of the effect of restrictions provides a lower bound. While omitted variable bias is generally a
formidable problem in hedonic price analyses, the large advantage of our study is that we focus on only
a small area within the city centre of one city (only 3 percent of the total municipal area) which most
likely strongly reduces unobserved heterogeneity. Moreover, we only select houses that are constructed
after the World War II and include a wide range of control variables that should capture the most
important amenities. So, although we cannot fully exclude the possibility that there are differences in
houses constructed in the bombed and not bombed areas, it seems unlikely that these differences
explain a large part of the effect of restrictions.
This chapter continues as follows. In Section 9.2, we outline the empirical methodology and discuss
the data. In Section 9.3 we present the results and Section 9.4 concludes.
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9.2

Empirical methodology, data and context
A.

A regression-discontinuity approach

The most straightforward methodology to investigate the impact of house supply restrictions would be
to regress the floor space price on the stringency of supply constraints, controlling for housing
attributes, such as number of rooms and construction year, and neighbourhood attributes, such as
height of nearby buildings (as in Ihlandfeldt, 2007). The price should be higher in areas with fewer
supply restrictions, ceteris paribus. However, it is very likely that not all control variables, in particular
relevant neighbourhood attributes, are observed and, hence, the estimates may suffer from omitted
variable bias (Black, 1999). Furthermore, Quigley and Rosenthal (2005), Glaeser et al. (2005b) and
Ihlanfeldt (2007) argue that policy constraints are difficult to quantify and may be endogenous (e.g.
whether local residents form lobby groups that influence policy may depend on the mix of type of
dwellings in the neighbourhood).
To address these problems, one may only include observations that are close to a boundary that
represents an exogenous difference in a regulatory policy (see Black, 1999; Bayer et al., 2007; Turner et
al., 2011; Grout et al., 2011).203 We regress the logarithm of residential floor space price  (per square

meter) at location  in year  on a dummy  indicating whether an area was bombed in 1940. The
boundary represents an exogenous difference in policies. To control for amenities we include a wide
range of variables , encompassing structural attributes (e.g. the log of apartment size), neighbourhood
variables (e.g. whether a property is close to a park), historic amenities (e.g. the number of listed
buildings in vicinity).
(9.1)
where  and

log 

=  +  +  +  ,

are parameters to be estimated and  are transaction year fixed effects. We expect that

at the boundary, benefits of regulation are continuous, which is intuitive, because two houses just at the
opposite side of the boundary experience the same (external) benefits. Note, however, that
discontinuous control variables do not invalidate the discontinuity design, because we estimate the
effect of locating in the bombed area conditional on covariates (Imbens and Lemieux, 2008, pp. 632). So,
houses in bombed areas may for example be on average larger and better maintained, but as long as we
control for these variables and these variables are not perfectly collinear with the bombing boundary,
we are measuring the unbiased estimate of within-city regulatory differences.
We use a weighted regression estimator to estimate (1), as suggested by Hahn et al. (2001). This
implies that observations near the boundary get more weight than observations farther away:
(9.2)

 , ,   ≡ arg min log  −  −  −  !" # ,

where # denotes the weight of location . We will start our empirical analysis with a uniform weight

scheme, so # = $% < % ' !, where $ is an indicator function that equals one when the condition is true

(and zero otherwise), and % ' is some threshold distance from the boundary. To correct for a potential
bias that is larger when observations are further away from the boundary (for example, because of
203

One may argue that the location of the bombing is not exogenous, as the Luftwaffe targeted the city centre of
Rotterdam and not some unattractive low-density area. Although this is true, the bombing boundary is random due
to imprecision of the bombardment and resulting fires.
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omitted unobserved factors or location-specific preferences), it is sometimes preferred that
observations near the boundary get more weight. We therefore also use a bisquare weight scheme,
which is often used in spatial applications, denoted by # = 1 − % ⁄%' !" !" $% < % ' ! (McMillen,
2010). So, properties closer to the boundary receive more weight than distant ones.
B.

Bombing in Rotterdam and planning restrictions

This analysis focuses on Rotterdam, the second largest city of the Netherlands. The current city’s
population is 584,060 (the wider urban area contains about 1.2 million inhabitants). In the beginning of
World War II, Rotterdam was bombed by German air forces. The bombing only took 20 minutes, but due
to the bombing and fires, the old city centre was completely destroyed, including 25,000 houses and
11,000 other buildings. About 850 people died and 80,000 inhabitants became homeless (about 12
percent of the city’s population at that time). Although the impact was not as large as in some Japanese
and German cities due to Allied bombings, Figure 9.1 shows that few buildings within the bombed area
survived. After World War II, the city of Rotterdam decided not to rebuild this area in its original form,
but to completely redevelop the whole area, so also most of the street plan and spatial lay-out were
changed.204
In Figure 9.2 we present the area of analysis. Note that the boundary’s current measurement is
exactly identical to that in Figure 9.1. It is also shown that taller buildings are generally located in the
bombed area, whereas a substantial part of the not bombed area is designated will be designated as
national conservation area.205
The local government is strongly involved in the planning and regulation of residential locations,
both in terms of volume, house type as well as the exact location of residential development. One of the
legal responsibilities of the local government is to develop land use plans and preserve the existing
housing stock. Regulatory restrictions generally encompass height restrictions, zoning restrictions,
preservation of open space and prevention of land use fragmentation (Ihlandfeldt, 2007). However,
most of these restrictions are likely to increase developers’ costs leading to lower land rents, but do not
204 In the appendix (Figure 9.A1) we include some photos that illustrate adjacent buildings that are bombed and
not bombed. It is observed that these buildings are quite different and it highlights the discrete nature of the
bombing boundary. The lower-panel pictures show that newly constructed apartments have to fit in the current
street design in the not bombed area. These photos also illustrate that historic buildings and modern buildings are
in the same street, which suggests that external amenities are approximately continuous at the bombing boundary
because external benefits are likely shared among houses in the same street.
205 A national conservation area contains buildings that are protected by the national government because of
special architectural and historic interest. In the Netherlands, designation of a national conservation area is the
responsibility of the national government. The procedure for an area to be converted into a national conservation
area (in Dutch: beschermd stadsgezicht) is prepared by the municipality and the Rijksdienst voor Cultureel Erfgoed
(RCE) (Department of Cultural Heritage). The RCE carefully determines the boundaries of national conservation
areas based on the presence of historic buildings, parks and urban infrastructure. In Rotterdam, most national
conservation areas have not yet become officially designated by the national government. Only parts of Kralingen
(on the east side of the bombed area) and the Scheepvaartkwartier (on the southwest side of the bombed area)
have been protected since respectively 2000 and 1977. The other national conservation areas indicated in Figure
9.2 are still in the process of becoming designated. However, in the previous chapter (Appendix 8.B) we show that
areas that become an official national conservation area do not experience price changes because before
designation, areas are often already protected by the local government, so that little will change when national
conservation policies are implemented.
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FIGURE 9.1 ― ROTTERDAM AFTER BOMBING IN 1940

FIGURE 9.2 ― ROTTERDAM IN 2007

necessarily impact house prices (Glaeser and Ward, 2009). Only restrictions that act as an implicit tax
for the house owner have a direct (negative) impact on house prices. On the website
www.omgevingsloket.nl, house owners can check whether they need a permit for a large range of
activities, such as placing a dormer window, extending the house, demolishing a house, placing a
satellite dish, removing asbestos, changing a listed building, placing solar panels, felling trees etc. These
restrictions imply costs for house owners (Coulson and Lahr, 2005). For example, a permit for
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constructing a dormer window costs on average € 310 in Rotterdam. For an extension of the house, the
costs range from € 1,340 to € 4,120. In addition, regulations imply that owners have to hire architects,
who prepare a design concept that meets the requirements of both the house owner and the local
government. Whether or not house owners need a permit is highly dependent on whether they occupy
a listed building, but also whether the house is in a conserved area, either preserved by the national
government, province or municipality. This is especially relevant for the not bombed area, which is
(almost) fully protected by the municipality.206 using the argument that cultural heritage located in
these areas improves the quality of life and therefore has to be protected (see Municipality of
Rotterdam, 2007 for details). For example:
“Listed buildings and historic districts provide amenities and are an important driver for development
in the city, also in the future. The authenticity of these buildings and structures is an important
characteristic of an attractive city.”
In Appendix 9.A, we include a planning map for the city of Rotterdam. It is shown that planning goals are
substantially different for the city centre (bombed) compared to neighbourhoods around the city centre
(not bombed). The municipality aims to double the number of inhabitants in the city centre, and at the
same time it aims to preserve the pleasant character of historic neighbourhoods around the city centre.
More specifically, the pre-existing building stock in the not bombed area implies additional housing
costs for newly constructed houses: newly built houses have to fit in the current architectural style of a
street or neighbourhood, which may cause an inefficient composition of the house. It usually also
implies restrictions on windows and balconies and it limits the possibilities to change the exterior (e.g.
construct a dormer window). We emphasise that most regulations are explicit, but difficult to quantify
because they almost fully depend on the pre-existing buildings in the neighbourhood or street wherein
a building is.
C.

Data

We use a property dataset from the NVM (Dutch Association of Real Estate Agents). It contains
information on a large majority (about 75 percent) of (owner-occupied) apartment transactions
between 1985 and 2007.207 We emphasise that we focus on apartments that are constructed after 1945.
In this way, we avoid to a large extent the argument that differences in house prices between the
bombed and not bombed are due to differences in housing quality. It is very important to control for
housing quality to be sure that the effect that we measure is not an effect related to unobserved housing
quality.
We have information on the transaction price, the exact address, and a wide range of structural
attributes such as floor space size (in square meter, excluding gardens), number of rooms, garden, and
construction year. We also know whether the apartment is in a listed building. Construction year
206

Owners of houses in conserved areas are restricted in making changes to the exterior, whereas owners of listed
buildings are also restricted in making inside changes. A positive aspect for the owner of a listed building is that
subsidies are available for maintenance. As we may expect that listed buildings also offer amenities to their
owners, the net price effect of residing in a listed building is ambiguous.
207 In the analysis we refer to houses as apartments, as 99 percent of the observations are apartments (located in
multi-family buildings).
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controls for a range of difficult to observe amenities of apartments (e.g. building quality, architectural
style, etc.).
Furthermore, we have a dataset with information on all buildings (residential and commercial
buildings) in Rotterdam, obtained from the Administration of Addresses and Buildings
(Basisadminstratie Adressen en Gebouwen) and Department of Infrastructure and Environment (see
Koomen et al., 2009 for more details). We have information on the construction year, building surface,
building height and whether it is listed. Using this building dataset, we enrich the property dataset with
information on the building height.
Black (1999) argues that it would be ideal to use a spatial discontinuity design wherein the prices of
apartments on opposite sides of a street (that may serve as a boundary) are compared, to overcome
omitted variable biases. As this will lead to an extremely small property dataset, we select apartments
that are within 500 meter of each side of the bombing boundary.208 This is about 20 percent of
transactions in the Rotterdam municipality, although the selected area is only 3 percent of the total
municipality area. After these selections, the dataset consists of 5,437 housing transactions. The
building dataset consists of 8,334 buildings.
In the analysis, we control for a range of locational attributes. In particular, we include dummy
indicators whether a property is within 50 meters of a major road, park or open water, within 150
meter of commercial buildings or a metro station.209 Furthermore, we include the distance to the city
centre and the average construction year of building stock within 150 meters of the property (using the
building dataset). To estimate the external effect of building height of other buildings, we include the
height of the tallest building within 150 meter of the property. Furthermore, using a dataset from the
Rijksmonumentenregister (listed building register), we control for the number of listed structures
(including residential buildings) within 500 meters of each property and include a dummy indicating
whether the property is located within a conservation area. It is usually also important to control for
differences in population density (as dense areas are usually less attractive) and average
neighbourhood income (as high incomes are likely an (endogenous) amenity) (Brueckner et al.,
1999).210 We therefore control for population density and calculate the average income within 500
meters of each property. To control for unobserved spatial heterogeneity, we also include two variables
indicating the distance to the boundaries in the bombed and not bombed area.
Descriptives are presented in the Appendix. The average price per square meter is € 1,641. It is €
1,582 and € 1,758 in respectively the bombed and not bombed area. So, unconditional on any other
attributes, the average price per square meter is about 10 percent lower in the bombed area. This is not

So, we set the threshold distance % ' to 500 meters. We furthermore exclude transactions with prices that are
above € 1.5 million or below € 25,000 and have a price per m2 which is below € 250 or above € 5,000. We also
delete observations that refer to properties smaller than 25m2, or larger than 500m2. We also exclude post-war
buildings that are listed, because they most likely represent a measurement error: buildings need to be at least 50
years old to be eligible for listing.
209 Land use data are for the year 2000, which is reasonable because the land use pattern has hardly changed
between 1985 and 2007.
210 The interpretation of the latter two variables is not strictly causal, as there may be a correlation between these
variables and omitted locational variables. Still, it is useful to include these variables as controls.
208
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too surprising as in the not bombed area apartments have many price-increasing attributes.211 The
average distance to the boundary is only 215 meters (179 meters for houses in the bombed are, 284
meters in the other area). It is also observed that the share of apartments that are in a conservation area
is about 16 percentage points higher in the not bombed area. The average number of listed buildings
within 500 meters is about 6 higher in the not bombed area.
9.3
A.

Results

Graphical analysis

We start our empirical analysis by graphing the data close to the bombing boundary. Similar to Bayer et
al. (2007), we regress the variable of interest on 50 meter distance band dummies. We plot coefficients
of the distance bands and add a linear trend line. Figure 9.3 presents the results.
In line with previous descriptives, Figure 9.3 shows that the floor space price in the bombed area is
somewhat lower (upper-left panel). In the upper-right panel, we include control variables, in particular
housing attributes (size, rooms, etc.) and historic amenities (see the next section, Specification (2), for
details). Now we find that the price is substantially higher in the bombed area: a substantial discrete
change of about 10 percent is observed at the boundary. Note also that by controlling for attributes,
price levels become rather continuous in the bombed and not bombed area.
In the middle-left panel, it is shown that apartments in the bombed area are substantially smaller: at
the boundary, apartments are approximately 14 percent smaller. This result is in accordance with
Ihlanfeldt (2007) (although the US-context is difficult to compare to the Dutch regulatory context), who
found that apartments are substantially larger in more restricted areas. In the middle-right panel it is
found that the average construction year in our sample (that only includes apartments constructed after
1945) is lower in the bombed area. This makes sense, because after World War II, the complete city
centre of Rotterdam was redeveloped, so almost half of all buildings in the bombed area are constructed
before 1960. It may also be shown that other control variables, including the number of rooms, share of
apartments with central heating and share of houses that have a garden (lower-left panel) and share of
apartments in a national conservation area (lower-right panel), are approximately continuous at the
boundary.212
To investigate the spatial distribution of listed buildings in our area and construction year of all
residential buildings along the boundary, we use the building dataset. The top-left panel of Figure 9.4
shows that the share of listed buildings is continuous at the boundary. As the share of houses in a
conservation area is also continuous at the boundary, this strongly suggests that at least historic
amenities are not perfectly collinear with housing restrictions that differ discontinuously at the
boundary. The top-right panel of Figure 9.4 highlights the devastating effect of the bombs: the difference

211 For example, on average, in the not bombed area the share of apartments with a garden and private parking
space is both 6 percentage points higher.
212 There is a very small share of houses located in the bombed area that is in a national conservation area. These
are houses on the Noordereiland, the island in the River Maas. As one can see in Figure 9.2, the whole island will be
(but is not yet) assigned as a national conservation area, although some small parts are bombed.
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FIGURE 9.3 ― HOUSE PRICES AND HOUSING ATTRIBUTES AROUND THE BOMBING BOUNDARY
Notes: In the top-left panel, we regressed the price per square meter on 50 meter distance band
dummies. In the top-right panel we also included all control variables (except distance to boundary).
We also regressed a housing or neighbourhood attribute on 50 meter distance band dummies. So, a
black dot represents a conditional average at a given distance from the bombing boundary. We also
add a linear trend line that is estimated by a regression of the variable of interest on distance to
boundary as well as a dummy indicating whether a house is in the bombed area.
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FIGURE 9.4 ― DISCONTINUITIES OF BUILDING AND HOUSEHOLD CHARACTERISTICS

in the average construction year for all residential buildings at the boundary is about 34 years.213 It may
be argued that household sorting may distort the measurement of the impact of local regulatory
constraints, as specific amenities may lead to sorting of households along the boundary (e.g. large
houses in the not bombed area may disproportionally attract rich households, which may in turn attract
even more rich households) (see Brueckner et al., 1999; Bayer et al., 2007). We therefore investigate the
differences in household income and household size, two main indicators of housing demand, around
the boundary in Figure 9.4.214 It appears that there is no sorting of households with respect to
household size, but one may argue that there is somewhat of a discrete jump of income at the boundary,
which we use as a motivation to control for average neighbourhood income in the regression analysis.
B.

Discontinuity regression

Table 9.1 presents the results. In Specification (1) we only include the distance to the bombing
boundary and housing characteristics (e.g. number of rooms, construction year), as well as transaction
213

It may also be shown that buildings are on average slightly taller in the bombed area (about 0.8 meters),
because it is very likely that permits to construct taller buildings are easier to get in the bombed area. Newly
constructed buildings in the bombed area adjacent to not bombed properties in the not bombed area tend to be
taller (see the Figure 9.A1, Appendix 9.A for some clear illustrations). So, at least developers face fewer height
restrictions in the bombed area.
214 We use income data and household size aggregated at the postcode six-digit level.
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year dummies, but we do not control for any (historic) amenities. Given this specification, apartments
within the bombed area are 5.5 percent more expensive. We interpret this as a lower bound estimate of
regulatory restrictions, as we do not control for amenities that are likely present in the not bombed
area.215
In Specification (2) we therefore include a wide range of control variables related to the
environment, including historic amenities. The estimated cost of within-city differences in regulatory
constraints is then 11.4 percent, which is substantially higher than the estimate in Specification (1).
Indeed, we observe that amenities that are more common in the not bombed area, such as proximity to
listed buildings in vicinity, generally have a positive impact on house prices. Also the distance to
boundary variables indicate that there are unobserved amenities that are continuous over space in the
not bombed area.
However, the control variables may also capture some effects of current restrictions as these may be
correlated to e.g. the national conservation area boundaries or the number of listed buildings, so the
costs may be an underestimate. Furthermore, we control for some amenities that are regulationinduced. Therefore, we also run a regression where we exclude four variables that, we think, are
possibly directly related to current (external) supply restrictions.216 Obviously, the exclusion of
variables that may be related to restrictions is somewhat arbitrary, but the results show that exclusion
of these variables has little effect on the results anyway: Specification (3) highlights that the estimate of
bombing is very similar and 9.4 percent, implying that our estimate is not, or only weakly, affected by
omitting these variables. A possible reason that the estimate is slightly lower is that we now exclude
some of the benefits of regulation-induced amenities (such as the presence of listed buildings).
Nevertheless, these results suggest that at the boundary, benefits of regulation are continuous. This is
intuitive, because two houses just at the opposite side of the boundary experience the same benefits.
In Figure 9.3, it was shown that there is a discrete difference in construction year in our property
sample. More specifically, after World War II, the city centre of Rotterdam was redeveloped, so almost
half of all buildings in the bombed area are constructed before 1960. When older houses are positively
correlated to negative unobserved attributes present in the not bombed area, our estimate of
restrictions may be biased.217 We therefore interact the dummy indicating whether a location is bombed
with construction year dummies. Because we have relatively few observations for houses constructed
between 1961 and 1970 and for houses constructed after 2000 (respectively 109 and 58), we combine
them with the preceding categories. Specification (4) shows that the effects for houses constructed in
different decades are similar and around 10 percent, except for houses constructed after 1991.218 The
effect of house restrictions for newly constructed houses is slightly lower, likely because house owners
We calculate all marginal effects as exp ! − 1.
We then exclude the number of listed buildings in vicinity, whether a house is in a national conservation area,
the distance to commercial use (because of zoning plans) and the maximum building height in the neighbourhood.
217 A referee suggested that sub-par plumbing may be a reason why older houses may be cheaper for unobserved
reasons.
218 We also ran a regression where we interact all construction decade dummies with the bombing dummy. It
appears that the coefficient for Bombed 1940 interacted with Constr. year 1961-1970 becomes unrealistically large
and 0.274, likely because of the limited number of observations. The other coefficients are similar to the ones of
Specification (4).
215
216
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TABLE 9.1 ― REGRESSION RESULTS ON THE IMPACT OF REGULATORY CONSTRAINTS
(Dependent variable: the logarithm of price per square meter)
(1)
(2)
(3)
(4)
Excl. neighbourhood Incl. neighbourhood Excl. variables
Stratified by decade
variables
variables
related to restr.
Bombed 1940
0.054 (0.008) *** 0.108 (0.013) *** 0.090 (0.012) ***
Bombed 1940×constr. year 1945-1970
0.135 (0.017) ***
Bombed 1940×constr. year 1971-1980
0.085 (0.019) ***
Bombed 1940×constr. year 1981-1990
0.119 (0.018) ***
Bombed 1940×constr. year >1990
0.067 (0.021) ***
Distance to boundary (bombed)
-0.034 (0.034)
-0.069 (0.029) ** -0.035 (0.034)
Distance to boundary (not bombed)
0.077 (0.033) ** 0.032 (0.030)
0.082 (0.033) **
National conservation area
-0.007 (0.013)
-0.005 (0.013)
Listed buildings <500m
0.002 (0.000) ***
0.001 (0.000) ***
Population <500m (log)
-0.056 (0.012) *** -0.051 (0.011) *** -0.055 (0.012) ***
Mean income <500m (log)
0.449 (0.037) *** 0.509 (0.032) *** 0.475 (0.043) ***
Railway station <500m
0.011 (0.007)
0.018 (0.006) *** 0.012 (0.007) *
Max building height <150m
-0.001 (0.000) ***
-0.001 (0.000) ***
Commercial land use <150m
0.000 (0.009)
0.003 (0.009)
Major road <50m
0.047 (0.006) *** 0.036 (0.006) *** 0.045 (0.006) ***
Park <50m
0.307 (0.039) *** 0.330 (0.038) *** 0.307 (0.039) ***
Water <50m
0.000 (0.010)
0.002 (0.010)
-0.002 (0.010)
Distance to centre
0.063 (0.011) *** 0.055 (0.009) *** 0.061 (0.011) ***
House size (log)
0.019 (0.023)
-0.118 (0.021) *** -0.105 (0.021) *** -0.121 (0.021) ***
Terraced
-0.116 (0.037) *** -0.056 (0.032) * -0.058 (0.032) *
-0.060 (0.032) *
(Semi-)detached
0.473 (0.119) *** 0.390 (0.108) *** 0.367 (0.104) *** 0.396 (0.111) ***
Rooms
-0.040 (0.005) *** -0.016 (0.004) *** -0.017 (0.004) *** -0.016 (0.004) ***
Private parking space
0.175 (0.021) *** 0.131 (0.016) *** 0.129 (0.017) *** 0.131 (0.017) ***
Garden
0.058 (0.013) *** 0.058 (0.011) *** 0.060 (0.011) *** 0.059 (0.011) ***
Central heating
0.024 (0.009) *** 0.029 (0.008) *** 0.030 (0.008) *** 0.028 (0.008) ***
Building height (log)
0.047 (0.006) *** 0.022 (0.007) *** 0.016 (0.006) **
0.027 (0.007) ***
Construction year 1961-1970
0.097 (0.017) *** 0.074 (0.019) *** 0.064 (0.018) *** 0.082 (0.019) ***
Construction year 1971-1980
-0.009 (0.008)
0.012 (0.009)
0.005 (0.008)
0.054 (0.019) ***
Construction year 1981-1990
-0.004 (0.008)
0.014 (0.009)
0.002 (0.008)
0.033 (0.020) *
Construction year 1991-2000
0.244 (0.012) *** 0.218 (0.013) *** 0.205 (0.012) *** 0.251 (0.017) ***
Construction year >2000
0.339 (0.018) *** 0.343 (0.018) *** 0.330 (0.018) *** 0.382 (0.024) ***
Construction year buildings <150m (3)
No
Yes
Yes
Yes
Transaction year dummies (22)
Yes
Yes
Yes
Yes
Number of observations
5,473
5,473
5,473
5,473
R²
0.743
0.804
0.801
0.804
Notes: For the Average construction year of buildings <150m, we include a third-order polynomial. Robust standard
errors are between parentheses.
*** Significant at the 0.01 level
** Significant at the 0.05 level
* Significant at the 0.10 level

do not have an urge yet to change the house or to renovate, so the current costs of regulation are likely
limited.
These results suggest that the effect of differences in regulatory constraints is about 10 percent.
Conditional on historic amenities, developers will make lower profits when they construct similar
apartments in the not bombed area, as the house prices are lower. So, house owners’ costs of
restrictions are likely to capitalise in land rents (an indicator of social welfare) (Brueckner, 1990;
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Glaeser and Ward, 2009). We may calculate house owners’ costs of regulatory constraints per hectare
for our area. This is almost surely an underestimate as regulatory constraints (e.g. height restrictions,
minimum lot size restrictions, etc.) also directly impact developers’ costs and lead to lower land rents
but do not impact apartment prices. Another reason why the estimated costs are likely an
underestimate of the costs of regulatory constraints is that we compare two different regimes and are
not able to compare a situation without any regulation to a situation of absolute restrictiveness. We
estimate that the house owners’ costs of restrictions per hectare are about € 716,000.219
The other control variables have, in general, plausible signs. Households are willing to pay less per
square meter when the size of an apartment is larger. Another observation is that the apartment’s
building height is positively related to rents: doubling building height leads to a 1.5 to 3.3 percent
increase in the price per square meter. Because we do not observe the floor at which the apartment is,
this is likely an underestimate of the effect of a view.220 Households are also willing to pay to live close
to listed buildings. The effect of a standard deviation increase in the number of listed structures within
500 meters (about 12 structures) leads to an increase in prices of about 2 percent, which is rather small.

TABLE 9.2 ― ROBUSTNESS ANALYSIS OF REGRESSION RESULTS
(Dependent variable: the logarithm of price per square meter)
(5)
Bisquare
weights
0.072
(0.014) ***
Yes
5,437
0.806
(11)
Income
>€25,000
0.087
(0.017) ***

(6)

(7)
House Size
% ' = 0.075
<75m²
0.072
0.126
(0.017) ***
(0.020) ***
Yes
Yes
1,395
2,035
0.836
0.829
(12)
(13)
Incl. pre-war Incl. pre-war
houses
houses
0.132
0.130
(0.011) ***
(0.012) ***

(8)
Transaction
weights
Bombed 1940
0.060
(0.019) ***
Control variables included
Yes
Number of observations
5,437
R²
0.736
(14)
Transaction
year ≥2000
Bombed 1940
0.101
(0.014) ***
Bombed 1940×constr. year <1945
0.0127
(0.014)
Control variables included
Yes
Yes
Yes
Yes
Number of observations
5,437
7,564
7,564
3,881
R²
0.802
0.771
0.771
0.520
Notes: See Table 9.1. A bisquare weight function as used in Specification (5) is defined as #
% ' !.

(9)
Only
apartments
0.114
(0.013) ***
Yes
5,381
0.806
(15)
Dist. to Boundary >0.25
0.168
(0.015) ***

(10)
No distance
variables
0.067
(0.010) ***
Yes
5,437
0.801

Yes
5,061
0.812
= 1 − % ⁄% ' !" !" $% <

219 In the not bombed area reside 41.75 households per hectare. The costs of restrictions are 10 percent of € 1,760
(the average price per square meter), which is €176. We multiply this number with 41.75 and 97.40 (the average
house size) and then obtain € 715,695.
220 In the analysis, we (implicitly) use the logarithm of the expected apartment height, which is half the building
height, rather than the logarithm of the apartment height, which is unobserved. As is well known, this creates a
bias towards zero, as we have a measurement-in-variable error problem. In this special case however, the variance
of measurement error is known and is equal to the variance of the logarithm apartment height. Given the
assumption that the logarithm of apartment height (and therefore also its measurement error) is not correlated to
any other explanatory variable in the model, the estimated coefficient is exactly 50 percent of its true value
(Verbeek, 2000).
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In contrast to Chapter 8, we find that residing in a national conservation area does not imply a price
premium. This is not too surprising. Most of the not bombed area is already protected by the
municipality and the complete area offers historic amenities. Moreover, much of the not bombed area is
in the process to become a conservation area, which makes it harder to clearly identify the effect of
conservation areas. The building height in vicinity is negatively related to apartment prices, as expected.
Tall buildings obstruct views and imply negative crowding effects. We also find a positive coefficient of
distance to centre, which indicates that households, conditional on choosing a destination close to the
centre, do not prefer to live in the city centre because of crowding effects, such as noise pollution, traffic
congestion and increased criminality. Similar findings have been reported for several American cities,
where for parts of the city, the price gradient is positive (e.g. Richardson, 1977; Roback, 1982).

A. Robustness checks
In this subsection, we provide a sensitivity analysis. Table 9.2 summarises the results. When we include
bisquare weights instead of uniform weights, the estimated effect of regulation is somewhat lower and
equal to 7.5 percent (see Specification (5)). Another way to control for unobserved spatial factors is to
decrease the threshold distance % ' (and exclude distance to boundary variables). When we reduce the
threshold distance to merely 75 meters, it is still possible to estimate the effect of regulatory constraints
with reasonable precision (for lower threshold values, the estimates become unreliable): the pricedecreasing effect of restrictions is now 7.5 percent (see Specification (6)).
A concern may be that the discrete difference in price at the boundary is related to discrete changes
in house size (see Figure 9.1). We therefore select apartments that are smaller than 75 meters and are
constructed after 1980 in (7). It appears that the effect of constraints is very similar and 13.4.221
In our sample, almost all properties are apartments (99 percent). Large buildings hosting many
apartments may have a disproportionate impact on the identification of the effect of restrictions. Hence,
we run a weighted regression where the weights are equal to the inverse of the number of transactions
per building. The effect is then somewhat lower and 6.2 percent (see (8)). When we exclude terraced
and (semi-)detached houses, this leads to similar results (the effect is then 12.1 percent, see (9)).
One may argue that the effect of regulatory restrictions is sensitive to the inclusion of controls
regarding the distance to the city centre, as locations in the bombed area are closer to the city centre.
We therefore exclude the controls distance to the boundary and distance to the city centre. It appears
that the effect of restrictions is somewhat lower (which is not surprising, as households dislike to live
very close to the city centre), but the effect is still substantial and 6.9 percent (see (10)).
To minimise the probability that the discrete price change at the boundary is caused by sorting of
rich and poor households, we only select six-digit postcodes where the average yearly gross income is
above € 25,000. Then, the effect of regulatory constraints is 9.1 percent (see (11)). We also extend the
sample by including 2,127 additional transactions of apartments that are constructed before the war
221

We choose the cut-off value in such a way that we avoid a discrete jump at both sides of the bombing boundary
in house size. We may also choose slightly different cut-off values, but this will have limited impact on the results.
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(see Table 9.A2 in Appendix 9.A for the descriptives). The effect is slightly higher and 14.1 percent (see
(12)). We did not find evidence that restrictions are more stringent for pre-war houses. When we add
an interaction of bombed with a dummy indicating whether a house is constructed before the war, the
(positive) effect of this interactions term appears to be insignificant (see (13)).
Our sample is taken from a relatively long time-span (1985-2007). Therefore, our estimate may
reflect unobserved factors that change over time (e.g. changes in land use). We therefore only select
property transactions that took place in 2000 or later. The effect is then almost identical and 10.6
percent (see (14)).
Finally, we examine the potential negative bias due to an error in the measurement of the boundary.
It may be the case that the boundary is not exactly observed for all apartments. This will be particularly
true for apartments that are on the boundary and are partially destroyed by the bombs. We therefore
exclude all observations within 25 meters of the bombing boundary. The effect of restrictions is
somewhat higher now (18.3 percent), suggesting that, if anything, our estimates are conservative (see
(15)).
9.4

Conclusions

In contemporary cities, spatial planning policies are applied that aim to protect the current building
stock, which may offer external benefits to inhabitants and visitors. However, protecting the building
stock may also lead to substantial costs as it implies restrictions for house owners (e.g. maintenance
obligations, subdivision rules). We test this implication for the city of Rotterdam using a regressiondiscontinuity approach. A part of the city of Rotterdam was bombed in World War II. Restrictions are
more stringent in the not bombed area than in the bombed area because of the presence of historic
amenities.
The results show that prices are about 5 percent higher in the less restrictive bombed area when we
only control for housing attributes. When we control for neighbourhood attributes, including (historic)
amenities, the price difference at the boundary is 10 percent, which we interpret as the costs of withincity differences in planning restrictions. Because we may measure amenities imperfectly and amenities
are probably more common in the not bombed area, this may be an underestimate. Further, our results
seem to indicate that at the boundary, the owners’ benefits of restrictions are continuous, so that we
identify a measure of costs of within-city regulatory differences. Our results are robust to different
specifications and omission of control variables. We estimate that the total costs of regulation per
hectare are 0.72 million Euros, which is likely an underestimate.
This suggests that local governments must only protect areas when the external benefits of
protection are substantial. The result that costs are possibly substantial may explain why a number of
recent studies find no or even a negative effect of conservation areas (Coulson and Lahr, 2005): in these
areas the benefits of conservation are offset by the costs. We also note that policy makers should take
into account that the costs and benefits of land use regulation are highly dependent on local conditions,
such as history, demographic composition and geography, to name just a few. It is therefore hard to
draw a general picture. Further research could add to the literature by investigating which particular
components of planning regulations are welfare improving and which are not.
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Three caveats apply to the current study. First, our identification strategy does not allow for
measuring the potential costs of inter-city regulatory constraints, which implies that our measure of the
price effect is an underestimate of the total costs restrictions. Second, given data limitations, we only
focused on house prices rather than land prices or rents. So, we only estimate the costs of within-city
restrictions for house owners. Third, we note that when there are housing or neighbourhood attributes
that are unobserved and that change discontinuously at the boundary, the price effect of restrictions
may be biased, although we argued that it seems unlikely that these differences explain a large part of
the effect of restrictions.

Appendix 9.A

Descriptive statistics and illustrations

TABLE 9.A1 ― DESCRIPTIVE STATISTICS OF HOUSING TRANSACTIONS
Full Sample

Sample, Bombed

Sample, Not Bombed

Mean
Std.Dev.
Mean
Std.Dev.
Mean
Std.Dev.
Price per m² (in €)
1640.604 574.702 1581.660 539.209 1757.940 623.291
Bombed in 1940
0.666
1.000
0.000
Distance to Boundary
0.215
0.155
0.179
0.137
0.284
0.165
Conservation Area
0.097
0.044
0.202
Listed Buildings <500m
12.638
15.657
10.529 10.552
16.837
22.027
Population <500m
6045.143 2275.080 5855.297 2222.135 6423.058 2332.008
Mean Income <500m
2034.138 300.651 2049.183 252.421 2004.189 377.103
Railway Station <500m
0.638
0.723
0.469
Max Building Height <150m (distance)
26.600
22.411
27.801 22.367
24.210
22.313
Commercial Land Use <150m
0.761
0.872
0.540
Construction Year < 150m
1947.234
22.447 1956.265 15.649 1929.257
23.109
Major Road <50m
0.303
0.286
0.337
Park <50m
0.008
0.000
0.025
Water <50m
0.219
0.285
0.089
Distance to Centre
1.098
0.555
0.868
0.434
1.557
0.481
House Size (in m² )
88.279
26.638
83.811 23.776
97.174
29.636
Apartment
0.990
0.999
0.970
Terraced
0.009
0.001
0.025
(Semi-)Detached
0.002
0.000
0.005
Rooms
3.176
0.851
3.173
0.866
3.183
0.819
Private Parking Space
0.041
0.021
0.081
Garden
0.073
0.053
0.114
Central Heating
0.892
0.875
0.926
Listed Building
0.000
0.000
0.000
Building Height
16.573
15.617
15.755 12.228
18.202
20.686
Construction Year
1970.977
19.242 1967.714 15.245 1977.472
24.116
Transaction Year
2001.863
4.036 2001.634
4.054 2002.318
3.960
Number of Observations
5,437
3,619
1,818
Notes: This sample refers to transactions in houses constructed after 1945. 28 percent of the full sample
refers to houses constructed before 1945. For the bombed area, this is 9 percent and for the not bombed
area this is 49 percent. Maximum building height refers to the tallest building within 150 meters of the
property.
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TABLE 9.A2 ― DESCRIPTIVE STATISTICS OF HOUSING TRANSACTIONS FOR FULL SAMPLE
Full Sample
Mean
Std.Dev.
Price per m² (in €)
1653.567 594.283
Bombed in 1940
0.525
Distance to Boundary
0.233
0.153
Conservation Area
0.206
Listed Buildings <500m
13.558
16.530
Population <500m
6153.384 2235.828
Mean Income <500m
2065.109 368.415
Railway Station <500m
0.598
Max Building Height <150m (in m)
19.899
21.813
Commercial Land Use <150m
0.667
Construction Year < 150m
1941.182
22.992
Major Road <50m
0.291
Park <50m
0.010
Water <50m
0.165
Distance to Centre
1.274
0.630
House Size (in m² )
99.180
46.978
Apartment
0.947
Terraced
0.042
(Semi-)Detached
0.011
Rooms
3.489
1.405
Private Parking Space
0.032
Garden
0.148
Central Heating
0.853
Listed Building
0.012
Building Height
14.840
13.600
Construction Year
1956.710
30.315
Transaction Year
2001.917
3.927
Number of Observations
7,564
Notes: This sample refers to all house transactions within 500
Table A1.

Sample, Bombed

Sample, Not Bombed

Mean
Std.Dev.
Mean
Std.Dev.
1571.320 532.820 1744.371 643.457
1.000
0.000
0.184
0.134
0.287
0.155
0.041
0.388
10.030 10.238
17.454
20.744
6055.000 2231.364 6262.004 2236.033
2029.043 250.405 2104.926 461.922
0.701
0.483
25.603 22.496
13.602
19.154
0.876
0.436
1955.513 15.176 1925.360
19.517
0.298
0.283
0.000
0.021
0.261
0.060
0.876
0.422
1.713
0.521
82.055 23.558 118.087
57.879
0.999
0.889
0.001
0.088
0.000
0.023
3.144
0.856
3.869
1.752
0.019
0.047
0.050
0.256
0.853
0.853
0.000
0.024
15.396 11.794
14.227
15.327
1965.422 16.338 1947.093
38.247
2001.633
4.031 2002.229
3.786
3,969
3,595
meters of the bombing boundary. See also
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FIGURE 9.A1
A1 ― RESIDENTIAL AREAS AT THE BOMBING BOUNDARY
Notes: All houses on the left-hand
hand side of the pictures are constructed before 1900 and all houses on
the right-hand
hand side are constructed after 1900. The lower
lower-panel
panel pictures show that newly
constructed apartments have to fit in the ccurrent street design in the not bombed area.
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FIGURE 9.
9.A2 ― PLANNING MAP OF THE ROTTERDAM AREA
Notes: We obtain this map (adapted) from Municipality Rotterdam (2007, pp. 36). This map indicates
that planning goals are substantially different for the city centre (bombed) compared to
neighbourhoods around the city centre (not bombed). Note that this map is not a detailed zoning
map, but only a suggestive planning map
map.

