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Local policy makers seek ways to deal with abandoned industrial heritage in their jurisdictions. Many are
demolished, but in some cases considerable investments are made to preserve the cultural aspects of industrial
sites. The renewal plans are usually designed to stimulate urban renewal in the vicinity of these sites. Little
seems to be known about the effectiveness of these policies. In this paper, we study whether the redevelopment
of 36 industrial heritage sites in The Netherlands caused positive external effects by investigating the develop-
ment of house prices in nearby residential areas. We use a difference-in-difference design by comparing
quality-adjusted house prices in a predefined target and control area before the start, between the start and
the completion and after the completion of the redevelopment. We also model the spatial and temporal dimen-
sions of these external effects. We find that these dimensions matter substantially. We find that negative exter-
nalities on house prices before the start completely disappear after the start of the redevelopment of industrial
heritage sites. We also find evidence for positive and local effects on house prices after the completion, but this
result disappears when we remove the projects located in the largest cities.

© 2016 Elsevier B.V. All rights reserved.
Keywords:
Industrial heritage
Redevelopment
Urban revitalization
External effects
Hedonic prices
1

1. Introduction

Manymanufacturing firms left the urban sites in which they located
in the 19th or early 20th century. As a result, most industrial sites lost
their original function and got abandoned. Policy makers search to
deal with the unused land. Local policy makers can decide to 1) leave
it as it is, 2) demolish the existing buildings and redevelop the land, or
3) renovate the existing buildings while simultaneously making them
suitable for new functions. The last alternative is especially attractive
when the existing buildings have heritage value. The idea to renovate
old factories becamepopular in connectionwith Jacobs's (1961) sugges-
tion that new ideas need old buildings and, later, Florida's (2002) crea-
tive city concept.Many policymakers now believe that renovation of an
abandoned industrial site is a tool to upgrade neighborhoods by
attracting higher educated residents, firms from the creative sector
and tourists. There are many examples of such redeveloped industrial
heritage sites throughout the world: well-known examples include
the former power plant site, Erie, PA, US; Rheinauhafen, Cologne,
.

Germany; King's Cross, London, UK; Kings Waterfront, Liverpool, UK;
Gasometers, Vienna, Austria. In The Netherlands only, we have identi-
fied 69 redevelopment projects that are finished or in progress, which
involves redeveloping industrial heritage sites which have lost their
original function, and many more projects are planned.1

It seems plausible that the redevelopment of industrial heritage has
a positive (external) effect on the living environment of surrounding
residential areas, as is often argued by policymakers.2 However, the ev-
idence underlying this opinion is often limited to impressions and refer-
ences to well-known examples that are generally considered as success
stories. There does not appear to exist much research that underlies this
opinion.Maliene et al. (2012) argue, based on descriptive statistics, that
the redevelopment of these brownfield sites has the potential to pro-
mote the urban renaissance. They state that these redeveloped brown-
field sites attract people, predominantly for the retail and leisure
An overview of these redevelopment projects can be found at http://www.
kennisbankherbestemming.nu/. After deleting some of the projects, we end up with 36
projects which are investigated in this paper. The reasons for deleting projects can be
found in Section 2.

2 For example, see SBR and Aedes (2010) or CPB and PBL (2010).
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3 For a more extensive overview on the different kind of external effects caused by
(housing) investments, see Schwartz et al. (2006).
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facilities and the attractiveness of the location. They also warn local
policy makers that each brownfield site is unique and that there is no
‘one-size-fits-all’ recipe for success. However, their study lacks detailed
empirical research to provide evidence on thesematters.More attention
has been given to the redevelopment of brownfield sites in general; see
e.g. Linn (2013). Linn (2013) focuses on the certification that owners of
such sites are not subject to federal or state liability for contamination of
these sites. Our attention is more focused on the heritage aspects and
the associated potential of generating external effects.

In this paper we present an analysis of the impact of 36 renovation
projects in The Netherlands concerning industrial heritage on house
prices in the surrounding neighborhoods. The focus of interest will be
on the measurement of the external effects and the possible existence
of general properties of these effects, for instance on the spatial and
temporal dimensions.

Our paper contributes to the economic literature that investigates
urban revitalization policies (e.g. Ahlfeldt et al., 2013b; Brooks and
Phillips, 2007; Koster and Van Ommeren, 2013; Rossi-Hansberg et al.,
2010; Koster and Rouwendal, 2015). Most of this literature is focused
on investments in housing and living quality of a specific target area.
The present paper is different in many ways. We study the impact of
investments in industrial heritage and not directly into housing. We
distinguish between external effects on house prices of nearby residen-
tial areas occurring before the start of the redevelopment, between the
start and the completion, and after the completion of the redevelop-
ment of industrial heritage. We use a difference-in-difference hedonic
approach to investigate whether there are indeed external effects
caused by the industrial heritage and how large those effects are on
house prices of nearby residential areas.We pay special attention to de-
fining the target and control area. This study aims at providing more
insights in the possible external effects of industrial heritage sites
before and after their redevelopment. Measurement of the size of
these external effects clearly provides important information for local
policy makers who decide whether and how to redevelop used land.

This paper is also connected to a larger, more general, stream of lit-
erature that investigates the value of urban amenities (e.g. Ahlfeldt,
2011; Brueckner et al., 1999; Carlino and Coulson, 2004; Chen and
Rosenthal, 2008; Cheshire and Sheppard, 1995; Ioannides, 2003). This
literature argues that urban amenities have become increasingly impor-
tant to the attractiveness of the urban areas and that especially higher
educated households are attracted to the city center. This phenomenon
is argued to be the driving force behind the economic prosperity of cities
(Carlino and Saiz, 2008; Glaeser et al., 2001).

We collected data of 36 industrial heritage sites and we compare
house prices in a time window that includes the redevelopment period.
We make use of a rich dataset of housing transactions and structural
characteristics of the sold residential properties provided by the Dutch
Association of Real Estate Agents (NVM) that covers the period 1990 to
2011. Our generalfindings suggest that prior to the redevelopment neg-
ative external effects are present, but they disappear when the redevel-
opment starts. This also implies that there are anticipation effects.
Positive external effects are present, but they disappear when we ex-
clude the redevelopment projects located in the larger cities.

The remainder of this paper is organized as follows. Section 2
provides some theoretical background on external effects and a brief
description on the projects of redeveloped industrial heritage sites.
Section 3 introduces the methodology used in our analysis. The data
and somedescriptive statistics are presented in Section 4. Estimation re-
sults are reported and discussed in Section 5. The paper ends with a
summary of the key findings and conclusions.

2. Background

This section provides some theoretical background on external ef-
fects and briefly describes the Dutch projects of industrial heritage rede-
velopment that are investigated in this paper.
2.1. Theoretical background

Existing buildings deteriorate over time if they are not maintained
properly. Since maintenance decisions are often spatially correlated,
the quality of the whole neighborhood may decrease over time. There
is a large streamof literature investigating the depreciation (and renew-
al) of urban areas (e.g. Brueckner and Rosenthal, 2009; Coulson and
Bond, 1990; Harding et al., 2007; Rosenthal, 2008; Smith, 2004).
Abandoned industrial sites are often large andmaywell have a negative
impact on the neighborhoods in which they are located and become a
disamenity for the nearby residential areas. In this paperwe focus on in-
dustrial sites with cultural, historic aspects that policy makers prefer to
preserve. Investments made in the renewal of such industrial heritage
sites, are primarily focused on preserving the heritage value. It is often
the case that the real estate of industrial heritage sites are listed built
monuments, which implies that, in the interest of preserving the
heritage value, it is not allowed tomake significant changes to the exte-
rior of the real estate. The listed status implies that the site is eligible for
subsidies to restore and maintain the building, which are usually a sub-
stantial part of the investments in industrial heritage. Restoration trans-
forms a dilapidated building into a bright one and this may reasonably
be expected to have a positive impact on the quality of the surrounding
neighborhood.

Apart from the real estate itself, the redevelopment of the rest of the
industrial site could be expected to generate additional external effects.
For instance in The Netherlands, large parts of these sites are often
transformed into public green, which used to be scarce in the 19th
and early 20th century neighborhoods where most of these sites are
located.

In this paper, we investigate three types of external effects on house
prices. First, we investigate whether the industrial heritage site was a
disamenity for the nearby residential area before the start of the rede-
velopment. It might be that the presence of the industrial heritage site
generates negative external effects on house prices and that this
negative effect changes over time and space. Second,we check for antic-
ipation effects between the start and the completion of the rede-
velopment project. One could argue that households anticipate house
prices to increase nearby these industrial heritage sites that will be
redeveloped. Third, we investigate whether the investments made in
industrial heritage sites generate positive external effects on house
prices of nearby houses. It is expected that positive externalities emerge
if 1) the redevelopment contains significant (positive) changes in the
exterior of the industrial heritage site, like building attractive new
residential houses or creating parks on the industrial terrain, or if
2) the redevelopment replaces a disamenity, like abandoned buildings
and contaminated soil.3

2.2. Selection of the redeveloped industrial heritage sites

In the last decades there have beenmany redevelopment projects in
The Netherlands. More than a quarter of these projects – 69 in total –
involve industrial siteswith some kind of heritage value. The redevelop-
ment projects for industrial heritage sites are spread over the country
but most can be found in the western part of The Netherlands – also
known as the Randstad – where around 80% of the economic activity
takes place. Decisions to redevelop these industrial heritage sites were
taken independently from each other by local governments and real es-
tate investors. In each of the projects, the focus was on the preservation
of the historical value of the sites. Especially these projects in the larger
cities in The Netherlands received both local and national media
attention.

A number of redevelopment projects were not included in our anal-
ysis for several reasons. First, we dropped 26 projects because they are



4 This implies thatwe control for all neighborhood characteristics in the target and con-
trol area that remain constant over time and for any common trend in the house prices.

5 It is likely that the anticipation effect started before the start of the redevelopment
project. However, given our data, it is difficult to account for earlier anticipation effects.
In this way, we let the data decide whether there are anticipation effects when the rede-
velopment is in progress looking at the significance of the estimators.

6 We also used higher-order polynomials for the interactions with distance. These
higher-order polynomials were found to be insignificant.

93M. van Duijn et al. / Regional Science and Urban Economics 57 (2016) 91–107
not finished yet. The redevelopment of industrial heritage sites takes on
average three years from start to completion, but there is somevariation
which depends on the details of the redevelopment (e.g. the redevelop-
ment takes longer if the soil is contaminated or there is a lot of real
estate that needs to be renovated). We use 12 of these 26 projects –
only the ones that did not start the redevelopment before 2009 – to
do a falsification exercise that will be discussed in Section 4. Second,
we dropped an additional 7 projects because these industrial sites
were not located near residential areas. Hence, we do not observe
enough housing transactions before, between and after the redevelop-
mentwithin 1 km. This leaves uswith 36 projectswhichwere all includ-
ed in the analysis. Fig. A.1 in Appendix A shows amapwith the locations
of these industrial sites that are used in the analysis.

3. Methodology and data

In this paper,we investigate the external effects that influence house
prices in surrounding residential areas before, between the start and
completion, and after the completion of the redevelopment of 36 indus-
trial heritage sites in The Netherlands. By definition, externalities do not
have observable market prices. The value attached to themmust there-
fore bemeasured in an indirect way.We use house prices in the vicinity
of the sites for that purpose, and therefore have to face the challenge
that it is not obvious which areas may have received an external effect
of the redevelopment and how to disentangle it from other influences
that acted simultaneously on the housing price. We therefore pay care-
ful attention to defining the target and control area. Nearby houses get
‘treatment’ in the sense that the prices of these houses have possibly
been influenced by the external effects from the redevelopment of an
industrial site. These nearby houses are then in the ‘target’ group, but
it is not a priori obvious what is nearby and what is not. In this section,
we present our baseline empirical framework and a description of the
data.

3.1. Empirical framework of the baseline specification

We start with the standard hedonic framework of Rosen (1974).We
observe transaction prices, year of transaction, location of the sold
house, distance to the industrial heritage site, various housing charac-
teristics, and some neighborhood characteristics. The most straight-
forward approach to identify external effects would be to regress the
prices on the distance to the nearby industrial heritage site and the in-
teraction between the year of redevelopment of the industrial heritage
site and the distance, controlling for housing characteristics, such as
floor area and number of rooms, and neighborhood characteristics,
such as population density and share of migrants. If there are any exter-
nal effects caused by the redevelopment of industrial heritage sites, one
would expect a significant result on the interaction variable. However,
this approach has important shortcomings. First, this model does not
account for possible anticipation effects. Second, this approach leads
to one coefficient that captures the external effect, which is then an
average (linear) effect depending on the average distance to the
redeveloped industrial heritage site. Third, it is likely that there are
more forces that influence house prices and, when unobserved, they
may cause omitted variable bias.

To address these problems, we use and extend the model specifica-
tion that is developed by Schwartz et al. (2006). Schwartz et al. (2006)
specify a model to identify external effects caused by housing invest-
ments. In our case, the investments in industrial heritage sites are inves-
tigated. The baseline specification – closely related to Schwartz et al.
(2006) – is defined as:

ln Pijt
� � ¼

XS

s¼1
αsRitrs þ

XS

s¼1
θsRitrsDi þ

XS

s¼1
φsRitrsD

2
i

þ
XK

k¼1
βkXkit þ γtYt þ π jN j þ εit;

ð1Þ
where Pijt is the house price transactions of property i that is located in
neighborhood j at transaction year t; Ritrs is a vector of ring variables s,
that depend on where property i is located, the year of transaction t,
the treatment radius r (described in more detail below); Di is the
Euclidean or ‘crow’ distance in meters from the sold property to the in-
dustrial heritage site; Xkit are structural characteristics k of property i
sold in year t, which are described in Section 4; Yt a vector of dummy
variables taking one for year t and zero otherwise; Nj is a neighborhood
dummy variable taking one for neighborhood j and zero otherwise; εt is
an idiosyncratic error term. αs, θs, φs, βk, and γt, are parameters to be es-
timated. Note that we include all redevelopment projects. We also con-
trol for neighborhood and time fixed effects.4

We specify five different ring variables (Ritrs). These variables allow
us to capture the external effect of redeveloping industrial heritage
sites. First, we include a distance ring dummy (s= BEFORE) if the loca-
tion of property i falls within the treatment radius r. The coefficient of
the BEFORE dummy can (eventually) be interpreted as the (negative)
external effect of the abandoned industrial heritage site before redevel-
opment. Second, we include a variable (s= TREND BEFORE) that calcu-
lates the time difference between the transaction and the start of the
redevelopment if the property is sold before the start of the redevelop-
ment. This variable captures the (linear) trend effects before the start of
the redevelopment. Third, we include a dummy (s = BETWEEN) if the
location of property i falls within the treatment radius r and the transac-
tion year of the sold property is between the start and the completion of
the redevelopment. The BETWEEN dummy picks up some of the antici-
pation effects.5 Fourth, we include a dummy (s= AFTER) if the location
of property i falls within the treatment radius r and the redevelopment
year of the sold property is after the completion of the redevelopment.
This is themain variable of interest showingwhether there are external
effects after the redevelopment is completewithin the treatment radius.
Finally, we include a variable (s= TRENDAFTER) that captures the time
difference between the transaction and the completion of the redevel-
opment if the criteria of the AFTER dummy is met. This allows us to
check whether the degree of the external effects changes (linearly)
over time.

Each of these distance ring variables are also interacted with the
distance to the industrial heritage site, D (in meters), which allows for
a spatial component thatmeasures the distancedecay of the external ef-
fects. We also include the quadratic form of the distance variable to see
whether the distance decay is linear, concave or convex.6

3.2. Target groups

The target group is defined as those sold houses that received treat-
ment. A sold house receives treatment if the house is within a certain
distance (treatment radius) to the redeveloped industrial heritage site
and the transaction year is equal or larger than the redevelopment year.

Let us first discuss the distance. Since it is ex ante difficult to predict
the extent of the external effect – if there is any – we define different
areas that are targeted. We start with a treatment radius of 1 km. This
assures us that there are no sold houses in the control group that receive
treatment. We use the baseline specifications – and later on, robustness
checks – to investigate the decay of the external effect over space. Using
this strategy, we let the data and our model specifications tell us what
the reach of the external effects are and their distance decay.

It is also not always easy to identify the exact redevelopment year for
most of the industrial heritage sites. The redevelopment process of
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industrial heritage sites is often phased and different parts of the rede-
velopment process finish at different moments in time. For our 36
cases, we investigated the redevelopment period carefully and chose
to treat the moment that the redevelopment of the real estate was fin-
ished as the year of redevelopment and account for some of the antici-
pation effects by using the moment that the redevelopment started as
the start of the redevelopment.

This already covers part of the problem that is often present in these
types of research. Namely, households should be able to anticipate to
changes in their neighborhood. In a world where there is perfect infor-
mation and no mobility costs, households are likely to anticipate the
upcoming changes to the industrial heritage sites. What happens is
that if households know the neighborhood will improve in the near fu-
ture, the neighborhoodwill possibly becomemore attractive and, there-
fore, house prices will increase even before the redevelopment takes
place. However, the housing market is more rigid and households
often do not have perfect information. In addition, debate on these rede-
velopment projects by local governments can be complex and often
take a lot of time. For example, the idea to transform the Amsterdam
Westergasfabriek started decades ago but the redevelopment eventually
started in 2000. In this paper, we cannot check for all anticipation effects
due to data limitations but we do account for the anticipation effect be-
tween the start and finish of the redevelopment project. If there are
some anticipation effects before the start of the redevelopment period,
this will likely cause an underestimate of the measured external effects
of the BEFORE variable. The anticipation effects before the start of
redevelopment will then be reflected by the coefficient of the TREND
BEFORE variable.
3.3. Data and descriptive statistics

We use residential property transaction data provided by the Dutch
Association of Real Estate Agents (NVM). This dataset contains a large
share (between 60 and 75%) of owner-occupied house transactions in
The Netherlands between 1985 and 2011. We have information on
the exact location of those houses, the transaction price, and a whole
list of structural characteristics of the sold houses, such as floor area
(in square meters), the number of rooms, maintenance status, type of
house, parking, monument status, year of construction, et cetera. We
start with selecting these houses that are within 2 km of the redevelop-
ment projects and were sold between 1990 and 2011. For each of these
house we calculate the distance to the nearest industrial heritage site.

Besides the location of the redevelopment industrial site, wewant to
control for other industrial heritage site characteristics. We include the
size of the site and the number of other redeveloped industrial heritage
sites within 10 km.

We also collect spatial data to control for time-variant local
characteristics.7 We use the location of listed built monuments,
provided by the RCE Netherlands Cultural Heritage Agency, to calculate
the number of listed built monuments per 50 m radius for each sold
house. We include this variable in our estimation to account for the
special (historic) atmosphere that is provided by a bundle of listed
built monuments. In addition, we use some information of the
neighborhood.8 In The Netherlands, neighborhoods have, on average,
around 1500 inhabitants. We include population density, the share of
foreign migrants, average household size, and the share of young and
elderly people which are provided by Statistics Netherlands. ABF
Research has provided us with data on the distance to the nearest
7 This is an important shortcoming of many papers. It is difficult to address all time-
variant developments (e.g. other local development projects). Also in this paper, such pro-
jects are not registered systematically and therefore hard to collect specific information on
these projects.

8 Neighborhoods (buurten in Dutch) in the Netherlands are relatively small areaswhich
are classified by Statistics Netherlands.
intercity station. Table 1 shows a summary of the descriptive statistics
for the variables that we include in our estimation procedure.

4. Results of the baseline specification

In this section, we report the estimation results of the baseline speci-
fication of the difference-in-difference hedonic price model. We investi-
gate whether there are external house price effects of redeveloping
industrial heritage sites on nearby houses and themagnitude of these ex-
ternal effects over time and space. We report the results of the baseline
where the target area is defined as the area within the first 1000 m
from the redeveloped industrial heritage site. The control area is defined
the area between 1000 and 2000 m. We test our empirical strategy
by doing a falsification exercise following Dávila and Mora (2005) and
Ratcliffe and Von Hinke Kessler Scholder (2015). That is, we re-
estimated our model on a number of abandoned industrial sites where
no redevelopment took place.We estimated a few statistically significant
coefficients, but they have the expected negative sign and the economic
significance of the implied effects is close to zero. Therefore we show
that our model performs well. Additional information and results can
be found in Appendix B. In Section 5 we do some additional sensitivity
analyses where we change the definition of the target and control areas.

4.1. Regression results of the baseline specification

Table 2 reports the key coefficients and standard errors for the base-
line model for the 36 industrial heritage redevelopment projects. For
the final specifications, the adjusted R2 is close to 0.9 – as a consequence
of including time and location fixed effects – which suggests that the
model fit is goodwith respect to the hedonic price literature (see, for ex-
ample, Schwartz et al., 2006).

The key variables are BEFORE, BEFORE TREND, BETWEEN, AFTER and
AFTER TREND variables from Eq. (1). Column (1) and Column (2) of
Table 2 reports the results of a naive hedonic price regression only
including the key variables and year fixed effects in Eq. (1) and, in addi-
tion, the structural characteristics, building period dummies, and indus-
trial site characteristics in Eq. (2). Column (3) includes neighborhood
fixed effects to control for all time-invariant neighborhood characteris-
tics. The negative external effects before the start of the redevelopment
are now clearly present. The coefficients of the external effects between
the start and the completion and after the completion of the redevelop-
ment are slightly lower. Finally, in Column (4) we add time-variant
neighborhood characteristics which show similar signs but lower ef-
fects. Let us discuss the results of Column (4) which is our preferred
specification.

The main coefficient of the BEFORE variables in Column (4) is
negative and significantly different from zero. The results indicate
that prior to the start of the redevelopment, houses located next
to an industrial heritage site (TREND = 0 and D = 0) sold for 2.5%
(=(exp(-0.0258) - 1) * 100) less than houses between 1000 and
2000m of the industrial heritage site. This suggests that these former
industrial heritage sites were a disamenity for nearby houses before
the start of the redevelopment, as is in line with the findings of De
Groot and De Vor (2011). However, these results have a substantial
lower spatial effect than De Groot and De Vor (2011) who found
that the negative external effects had a range of 2 km.9

The spatial dimension shows some impact but only for the trend be-
fore the start of the redevelopment. The interactions between the
BEFORE dummy and distance variables are not significant. This implies
that just before the start of the redevelopment thewhole target area ex-
perienced negative external effects. The trend effect before the
9 The results are not perfectly comparable because we focus specifically on heritage
sites across the Netherlands and De Groot and De Vor (2011) focus on all types of indus-
trial sites in only a part of the Netherlands. In addition,we use amore comprehensive em-
pirical strategy because we are not only interested in the negative external effects.



Table 2
Regression results of the baseline specification.

(1) (2) (3) (4)

Sample size b2000 m b2000 m b2000 m b2000 m

Target area 0-1000 m 0-1000 m 0-1000 m 0-1000 m

Control area 1000-2000 m 1000-2000 m 1000-2000 m 1000-2000 m

Before −0.0327 (0.0233) 0.0280⁎ (0.0159) −0.0329⁎⁎⁎ (0.0122) −0.0258⁎⁎ (0.0122)
Before * D 0.000312⁎⁎⁎ (8.45e-05) 1.82e-05 (5.74e-05) 5.36e-05 (4.17e-05) 4.09e-05 (4.16e-05)
Before * D2 −3.24e-07⁎⁎⁎ (7.05e-08) −7.83e-08⁎ (4.75e-08) −2.63e-08 (3.38e-08) −1.86e-08 (3.37e-08)
Trend before −0.00382 (0.00373) −0.00858⁎⁎⁎ (0.00256) −0.00191 (0.00193) −0.00269 (0.00191)
Trend before * D 1.74e-07 (1.35e-05) 1.45e-05 (9.24e-06) 1.24e-05⁎ (6.86e-06) 1.37e-05⁎⁎ (6.81e-06)
Trend before * D2 5.72e-09 (1.12e-08) −6.35e-09 (7.64e-09) −1.00e-08⁎ (5.63e-09) −1.12e-08⁎⁎ (5.58e-09)
Between 0.146⁎⁎⁎ (0.0292) 0.0416⁎⁎ (0.0193) 0.0408⁎⁎⁎ (0.0139) 0.0295⁎⁎ (0.0139)
Between * D −0.000588⁎⁎⁎ (0.000107) −0.000274⁎⁎⁎ (7.04e-05) −0.000132⁎⁎⁎ (4.95e-05) −0.000118⁎ (4.95e-05)
Between * D2 4.33e-07⁎⁎⁎ (8.98e-08) 2.39e-07⁎⁎⁎ (5.86e-08) 9.89e-08⁎⁎ (4.06e-08) 9.50e-08⁎⁎ (4.06e-08)
After 0.180⁎⁎⁎ (0.0336) 0.0639⁎⁎⁎ (0.0215) 0.0479⁎⁎⁎ (0.0153) 0.0317⁎⁎ (0.0153)
After * D −0.000648⁎⁎⁎ (0.000125) −0.000246⁎⁎⁎ (7.96e-05) −0.000137⁎⁎ (5.55e-05) −9.97e-05⁎ (5.54e-05)
After * D2 4.41e-07⁎⁎⁎ (1.06e-07) 1.80e-07⁎⁎⁎ (6.71e-08) 8.65e-08⁎ (4.60e-08) 6.43e-08 (4.60e-08)
Trend after 0.0187⁎⁎⁎ (0.00616) −0.00247 (0.00326) 0.00401 (0.00256) 0.00394 (0.00256)
Trend after * D 2.93e-05 (2.41e-05) 5.72e-05⁎⁎⁎ (1.30e-05) 2.52e-05⁎⁎ (9.92e-06) 2.19e-05⁎⁎ (9.91e-06)
Trend after * D2 −1.67e-08 (2.10e-08) −4.20e-08⁎⁎⁎ (1.14e-08) −2.52e-08⁎⁎⁎ (8.60e-09) −2.28e-08⁎⁎⁎ (8.58e-09)
Year fixed effects (21) YES YES YES YES
Structural characteristics (14) NO YES YES YES
Building period dummies (6) NO YES YES YES
Industrial site characteristics (3) NO YES YES YES
Neighborhood fixed effects (643) NO NO YES YES
Neighborhood characteristics (7) NO NO NO YES
Observations 208,305 208,305 208,305 208,305
Adjusted R2 0.369 0.749 0.897 0.898

Note: Dependent variable is ln(transaction price). The coefficients of the control variables for specification (4) can be found in Table C.1 of Appendix C. The other coefficients can be ob-
tained from the author. Robust standard errors are reported between parentheses.
⁎ p b 0.10.
⁎⁎ p b 0.05.
⁎⁎⁎ p b 0.01.

Table 1
Descriptive statistics (N = 208,305).

Mean S.D. Min. Max.

Structural characteristics
Transaction price (in k euros) 179.934 126.946 25 1500
Floor space (in m2) 105.132 45.695 10 1000
Rooms (#) 3.877 1.415 1 10
Housing type — Apartment (1 = yes) 0.582 0.493 0 1
Housing type — Detached house (1 = yes) 0.039 0.192 0 1
Housing type — Semi-detached house (1 = yes) 0.069 0.253 0 1
Housing type — Corner house (1 = yes) 0.080 0.271 0 1
Balcony (1 = yes) 0.392 0.488 0 1
Terrace (1 = yes) 0.080 0.272 0 1
Parking (1 = yes) 0.140 0.347 0 1
Well-maintained garden (1 = yes) 0.144 0.351 0 1
Bad inside maintenance (1 = yes) 0.152 0.359 0 1
Bad outside maintenance (1 = yes) 0.110 0.313 0 1
Central heating (1 = yes) 0.832 0.374 0 1
Listed built monument (1 = yes) 0.024 0.154 0 1

Building periods
Building period b1945 (1 = yes) 0.033 0.179 0 1
Building period 1945–1960 (1 = yes) 0.523 0.499 0 1
Building period 1961–1970 (1 = yes) 0.097 0.296 0 1
Building period 1971–1980 (1 = yes) 0.104 0.305 0 1
Building period 1981–1990 (1 = yes) 0.089 0.285 0 1
Building period 1991–2000 (1 = yes) 0.074 0.262 0 1
Building period N2000 (1 = yes) 0.080 0.271 0 1

Industrial heritage site characteristic
Terrain (in m2) 107,516 309,396 200 1,200,000
Other redeveloped industrial heritage sites (# within 10 km) 1.003 1.551 0 6

Neighborhood characteristics
Population density (#/km2) 7157.600 5146.903 0 29,900
Foreign migrants (%) 12.717 13.395 0 91
Distance to nearest intercity station (m) 2953.341 5400.510 78 39,661
Monuments within 50 m (#) 0.850 3.583 0 41
Average household size (#) 2.274 0.653 0 4
Young people (%) 14.203 5.765 0 35
Elderly people (%) 13.807 8.512 0 88

Note: For the descriptive statistics, we only include sold houses that are within 2 km of our sample of redeveloped industrial heritage sites.
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11 See the technical appendix of Van Duijn et al. (2014) for a graphical overview of some
of the industrial heritage sites.
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redevelopment (BEFORE TREND) is also not significant, however, the in-
teractions between the trend and the distance variables are significant.
This implies that houses further away from the industrial heritage site
experienced lower negative effects from the industrial heritage site
and these effects were decreasing over time until the start of the rede-
velopment. This could indicate that therewere someanticipation effects
before the start of the redevelopment.

The coefficient that captures a part of the anticipation effect of
the redevelopment project, the variable BETWEEN, is significantly dif-
ferent from zero. This implies that the negative external effects that
were present before the start of the redevelopment disappeared after
the start and that additional positive external effects are observed.
This can also be interpreted as part of the anticipation effects. The re-
sults show that the spatial dimensionmatters.We find that the positive
external effect between the start and completion of the redevelopment
is decreasing non-linearly over space. Estimation results imply a de-
crease of 1.1%-point (=(exp(-0.000118⁎100+9.50e-8⁎1002)-1)*100) for the
first 100m and this decrease diminishes over space until the positive ef-
fect disappears which is around 300 m.

Next we discuss the presence of external effects within the treat-
ment radius after the redevelopment project is finished. The coefficients
of the variable AFTER and TREND AFTER capture this effect on house
prices. The main coefficient of AFTER is positive and significant. The
TREND AFTER coefficient is positive but not significant. This implies
that positive external effects arise immediately after the completion of
the industrial heritage site but do not have a general trend effect. The ef-
fect is higher than the BETWEEN variable so this implies that the effect
was fully not anticipated. The positive external effects decrease over
space but this decrease diminishes over time.

4.2. Implications of the baseline results

The top panel of Fig. 1 shows the relative price response over space
and for four different periods for the negative external effects before
the start of the redevelopment. The bottom line represents the price re-
sponse of sold houses within 500 m one year before the start of the re-
development compared to the control group. The top line represents the
same thing only now for four years before the start of the redevelop-
ment. The relative price response shows that transaction prices for
houses next to the site did not change in the last couple of years. For
the houses slightly further away (around 500 m) from the industrial
heritage site, these houses were starting to sell for less in the years be-
fore the start of the redevelopment. This implies that, at least, policy
makers did not choose which industrial heritage site to redevelop only
based on transaction prices of sold houses.10

The bottom panel of Fig. 1 shows the relative price response over
space and for four different periods for the effects after the completion
of the redevelopment using specification (4). The bottom line repre-
sents the price response of sold houses within 500 m one year after
the completion of the redevelopment compared to the control group.
The top line represents the same thing only now for four years after
the completion of the redevelopment. The relative price response
shows that the premium for houses next to the redeveloped site did
not change after the redevelopment for several years. For the houses
slightly further away (around 500 m) from the redeveloped industrial
heritage site, these houses were starting to sell for more in the years
after the start of the redevelopment. This suggests that the range of
the positive external effects increased and that larger parts of the neigh-
borhood perceived the benefits of the redevelopment in terms of higher
house prices.

So, summarizing, the spatial results of Table 2 and the graph in Fig. 1
indicate that if external effects are present, these effects are rather local.
10 However, there might be other factors involved that policymakers use to choose
which industrial heritage sites get redeveloped and which do not. If there is selection on
what to redevelop and what not, it is likely not based on transaction prices.
This suggests that we could lower the range of our target area – the sold
houses that might have experienced external effects from the industrial
heritage site.We ran estimationswhere we set the target area at a radi-
us of 500m instead of 1000m andwhere we did not change the control
group. We found similar results.

5. Sensitivity analyses

In this section, we provide additional analyses to investigate the
robustness of our results. First, we use a flexible alternative to the base-
line specification to focus on the range of the external effects and show
its results. Second, we perform a repeated sales analysis. Third, we focus
on possible selection issues of the control group. We use standard
propensity score matching to find control neighborhoods which are as
similar as our target area. Fourth, we do a Chow (1960) test to see
whether there are differences in coefficients for redevelopment projects
of the largest cities compared to the other cities and villages in The
Netherlands.

5.1. Alternative specification

In our baseline specification, we (experimentally) set the treatment
radius for our target areas. One can imagine that the range of the exter-
nal effects before the start, between the start and completion and after
the completion of the redevelopment project can differ. In addition,
the distance decay is allowed to be linear, concave or convex over the
distance to the industrial heritage site. As an evenmore flexible alterna-
tive to the baseline specification, we extend the specification by defin-
ing the treatment radius r somewhat differently. We propose to draw
250 m rings within the treatment radius r, which allows us to estimate
several treatment coefficients depending on whether the observed
sold house is within a certain distance ring from the redeveloped
industrial heritage site. In other words, we draw 250 m rings around
the redeveloped industrial heritage site where we identify groups of
houses that are sold in each distance ring given a certain treatment ra-
dius rmax, which can be set according to the findings of the baseline
specification. This allows us to simply find the reach of the external ef-
fect for each redevelopment project. In addition, it allows for a more
flexible specification regarding the distance decay function. The alterna-
tive specification is then:

ln Pijt
� � ¼

Xrmax

r¼d1−d2

XS

s¼1
αrsRitrs þ

XK

k¼1
βkXki þ γtYt þ π jN j þ εit ;ð2Þ

where we do not include the distance as a continuous variable but
we estimate separate coefficients for different distance rings. The pa-
rameters αrs allow for different house price distributions within the
treatment radius and should also capture the external effect of the
redeveloped industrial heritage site, but somewhat differently than in
the baseline model. The number of observations allows us to use rings
of 250 m. This implies that we get a coefficient, αrs, for each distance
ring (0m–250m, 250m–500m, et cetera).11 Together these coefficients
define a step function where the impact of the redeveloped site is
discontinuous at multiples of 250 m. This specification offers a flexible
way to relax the assumption on the homogeneity of the external
effect within the treatment radius. However, we do assume that the un-
observed (time-variant) forces that could influence house prices be-
tween each ring are homogenous. This assumption is more likely to
hold with the use of distance rings than when one uses neighborhoods
to identify the target and control areas.12 The other parameters control
12 The omitted variable bias causedbyother unobserved investments or developments is
likely to be less problematic using small distance rings compared to using neighborhoods.
This is evident when the unobserved investments or developments are targeted at neigh-
borhoods. Hence, using distance rings (partially) overcomes this problem.
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Fig. 1. Relative price response over space and for different trends before the start of the redevelopment (top panel) and after the completion of the redevelopment (bottom panel). Note:
The calculations are based on the coefficients of specification (4)which are at least significantly different fromzero on a 90% level, the years (t) before the start or after the completion, and
the distance from the nearest industrial heritage site.
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for observed structural characteristics, year effects, and unobserved
time-invariant neighborhood characteristics.

Table 3 reports only the coefficients of the key variables and its
standard errors for the alternative specification. Columns (1) and
(2) of Table 3 reports the results of a specification that is closely related
to Columns (3) and (4) of Table 2, respectively. Both specifications show
more-or-less similar results. There seems to be negative external effects
of the industrial heritage sites before the start of the redevelopment.
These are around −3% for houses sold within 250 m of the industrial
heritage site. The coefficients for the other distance rings are lower if
they are significant at all.

The trend effects before the start of the redevelopment show that
the houses around 500 m became more-and-more unattractive over
time. This ismore-or-less in linewith the results from the baseline spec-
ification (see top panel of Fig. 1). The BETWEEN variables show only
very local positive and significant results. The sign and value seem to
be of the same magnitude as in Table 2, but the spatial decay of the ef-
fects is less apparent. For the AFTER variables we find some mixed re-
sults. In specification (1) we find both positive external effect and
positive trend effects after the redevelopment. In specification (2) we
only find positive trend effects. This is not fully in line with the results
of the baseline specifications from Table 2wherewe do findpositive ex-
ternal effects but the trend effects are less apparent.
13 The repeat sales method does not address the possibility that changes in unobserved
characteristics occur over time, perhaps in relation with the investment in the heritage
site.
5.2. Repeat sales analysis

The baseline analysis has relied on the difference-in-difference he-
donic price methods. The results might be biased if there are omitted
variables. Because we focus on developments over time, the relevant
omitted variable bias refers to unobserved characteristics of houses
that are more frequently present in houses sold before the start, be-
tween the start and completion, or after the completion of the redevel-
opment projects. A robustness check to address this potential bias is to
perform a repeat sales analysis. Repeat sales of the same houses through
time are observed in our data. Themain advantage of thismethod is that
it accounts for fixed effects at the level of the individual house. This
implies that it controls for any time-invariant characteristics of the
house and neighborhood.13

On the other hand, the repeated sales method may be less desirable
compared to our difference-in-difference hedonic price method due to
the potential selection bias associated with including only those houses
which are sold more than once during the observation period in the
analysis. Even apart from this, it decreases the number of observations
which may yield less reliable estimates.

The repeat sales equation thatwe estimate is closely related to the one
used by Schwartz et al. (2006). It can be easily derived from Eq. (1):
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where Δt ,τ represents the difference between transaction time t and
the previous transaction time τ and Tirs represents the ‘new’ ring vari-
ables. The ring variables are redefined in such a way that it measures
the transition from one stage of the redevelopment to the other
(before–between, between after and before after). The interpretation of
the estimates of the ring variables (Tirs) is therefore different compared
to the ring variables (Rirs) of Eq. (1). For more detailed information and
derivations, see Appendix E. Note that Eq. (3) also accounts for changes
in the all of the structural characteristics that may occur between the
two transaction times.

Table 4 reports the results from the repeated sales analysis using
Eq. (3). Results show that there are clear anticipation effects. If a
house was sold before the start of the redevelopment project very
close to the industrial heritage site (D = 0) and if that same house
was sold again between the start and completion of the site, the price
of the sold house was on average 4.75% higher due to the redevelop-
ment project. This percentage decreases in the distance to the heritage
site in a non-linear fashion. These results compared to Table 2 are not

Image of Fig. 1


Table 3
Regression results of the alternative specification.

(1) (2)

Sample size b2000 m b2000 m

Target area 0-1000 m 0-1000 m

Control area 1000-2000 m 1000-2000 m

Before (0 m-250 m) −0.0349⁎⁎⁎ (0.00829) −0.0308⁎⁎⁎ (0.00834)
Before (250 m-500 m) −0.0131⁎⁎⁎ (0.00474) −0.00854⁎ (0.00480)
Before (500 m-750 m) −0.0133⁎⁎⁎ (0.00393) −0.0123⁎⁎⁎ (0.00398)
Before (750 m-1000 m) −0.00598⁎ (0.00323) −0.00360 (0.00327)
Trend before (0 m-250 m) 0.00109 (0.00126) 0.000964 (0.00125)
Trend before (250 m-500 m) 0.000342 (0.000721) −0.000513 (0.000712)
Trend before (500 m-750 m) 0.00225⁎⁎⁎ (0.000594) 0.00213⁎⁎⁎ (0.000590)
Trend before (750 m-1000 m) 0.00126⁎⁎ (0.000543)c 0.000539 (0.000541)
Between (0 m-250 m) 0.0315⁎⁎⁎ (0.00952) 0.0232⁎⁎ (0.00950)
Between (250 m-500 m) −0.00123 (0.00514) −0.00867⁎ (0.00512)
Between (500 m-750 m) −0.00160 (0.00440) −0.00514 (0.00439)
Between (750 m-1000 m) 0.00261 (0.00370) 2.68e-05 (0.00369)
After (0 m-250 m) 0.0266⁎⁎ (0.0104) 0.0163 (0.0104)
After (250 m-500 m) 0.0143⁎⁎ (0.00588) 0.00799 (0.00586)
After (500 m-750 m) −0.0109⁎⁎ (0.00512) −0.0112⁎⁎ (0.00512)
After (750 m-1000 m) −0.00211 (0.00448) −0.00340 (0.00447)
Trend after (0 m-250 m) 0.00940⁎⁎⁎ (0.00173) 0.00902⁎⁎⁎ (0.00173)
Trend after (250 m-500 m) 0.00813⁎⁎⁎ (0.00116) 0.00717⁎⁎⁎ (0.00116)
Trend after (500 m-750 m) 0.0111⁎⁎⁎ (0.00110) 0.00986⁎⁎⁎ (0.00110)
Trend after (750 m-1000 m) 0.00588⁎⁎⁎ (0.00102) 0.00489⁎⁎⁎ (0.00102)
Year fixed effects (21) YES YES
Structural characteristics (14) YES YES
Building period dummies (6) YES YES
Industrial site characteristics (3) YES YES
Neighborhood fixed effects (643) YES YES
Neighborhood characteristics (7) NO YES
Observations 208,305 208,305
Adjusted R2 0.897 0.897

Note: Dependent variable is ln(transaction price). The coefficients of the other variables for specification (2) can be found in Table C.2 of Appendix C.
The other coefficients can be obtained from the author. Robust standard errors are reported between parentheses.
⁎ p b 0.10.
⁎⁎ p b 0.05.
⁎⁎⁎ p b 0.01.

Table 4
Regression results of the repeated sales specification.

(1)

Target area 0–1000 m

Control area 1000–2000 m

Transition: Before–Between 0.0464⁎⁎⁎ (0.0125)
Before–Between ∗ D −0.000116⁎⁎⁎ (4.33e-05)
Before–Between ∗ D2 8.42e-08⁎⁎ (3.55e-08)
Transition: Between–After 0.0212 (0.0243)
Between–After ∗ D 2.08e-05 (9.04e-05)
Between–After ∗ D2 −6.50e-08 (7.48e-08)
Transition Before–After 0.0121 (0.0249)
Before–After ∗ D −1.95e-05 (8.52e-05)
Before–After ∗ D2 −2.37e-08 (6.84e-08)
Trend after 0.0179⁎ (0.00975)
Trend after ∗ D −1.74e-05 (3.54e-05)
Trend after ∗ D2 7.54e-09 (2.87e-08)
Differenced year dummies Yes
Differenced structural characteristics Yes
Building period dummies –
Industrial site characteristics –
Neighborhood fixed effects –
Differenced neighborhood characteristics Yes
Observations 74,513
Adjusted R2 0.803

Note: Dependent variable is the difference between ln(transaction price) of the same
house at time t and τ. The other coefficients can be obtained from the author. Robust stan-
dard errors are reported between parentheses. Building period dummies, industrial site
characteristics and neighborhood fixed effects are time-invariant and therefore no coeffi-
cients can be obtained for them.
⁎ p b 0.10.
⁎⁎ p b 0.05.
⁎⁎⁎ p b 0.01.
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so different from the BETWEEN variable. We find no significant results
for houses that were sold between the start and completion of the rede-
velopment and again after the completion of the redevelopment. We
also find no effect for houses that were sold before the redevelopment
and again after the completion of the redevelopment. Although the co-
efficients for positive external effects after the redevelopment are posi-
tive, they are not significant. This is not in line with the results from
Table 2 but they are more in line with the results in Table 3. The results
do suggest some positive trend effects after the redevelopment but it is
weakly significant.

5.3. Matching

For the difference-in-difference methodology it is important that
the ‘target’ and ‘control’ group are identical, except for the ‘treatment’
variable, to find consistent estimators for the effect of the ‘treatment’.
In the literature, it is standard practice to use the outer rings as control
areas (see, for example, Ahlfeldt et al. (2013a); Helmers and Overman
(2012), and Schwartz et al. (2006)). This is what we do initially. We
start by including sold houses within 2000m of the redeveloped indus-
trial heritage site. The initial target group are those houses that are
within 1000 m of the redeveloped industrial heritage site and are sold
after the completion of the redevelopment (AFTER). By including addi-
tional variables (BEFORE and BETWEEN, specified above), the control
group is then defined as those sold houses that are between 1000 and
2000 m of the redeveloped industrial heritage site.14 This methodology
14 We also excluded some distance rings between the target and control group to mini-
mize spillover effects between the two groups. The results show negligible changes.



Table 5
Comparison neighborhood characteristics based on propensity score matching.

Target group (houses sold within 1 km of a
redeveloped industrial heritage site)

Control group (houses in neighborhoods based on propensity
score matching and not within 1.5 km of a redeveloped industrial
heritage site

Population density (#/km2) 7364.76 5572.75 8599.97 6210.06
Foreign migrants (%) 10.73 13.51 10.29 13.81
Distance to nearest intercity station (m) 3437.35 6762.13 2665.54 3517.74
Monuments within 50 m (#) 0.77 2.97 1.21 3.36
Average household size (#) 2.66 0.73 2.46 0.95
Young people (%) 13.59 5.80 12.91 5.74
Elderly people (%) 11.99 6.36 12.97 9.09
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does imply that the outer rings, or the control area, should be identical
to the target area to produce consistent estimates of the external effect.
It can be argued that this is an implausible assumption because the re-
searcher is often not able to fully capture the differences between the
control and target group, although we correct for many of them.

Another argument is that there could be a problem of selection. The
industrial sites that received rehabilitation could have been chosen be-
cause policymakers expected these locations to have substantial exter-
nal effects. If this is true then the target area is not randomly assigned
and we could, as an alternative, use a matching procedure to match
similar neighborhoods to our target area and define those matched
neighborhoods as control areas. Using these matching estimators to
define a specific control group that is closely identical to the target
group is becoming more popular in the economic literature (e.g.
Ahlfeldt et al., 2013b; Koster and Van Ommeren, 2013; McMillen and
McDonald, 2002; Muehlenbachs et al., 2013).15

We use the method of Rosenbaum and Rubin (1983) in a similar
fashion as in Koster and Van Ommeren (2013). The idea is that neigh-
borhoods prior to the redevelopment have similar characteristics and
therefore have similar propensity scores, which are estimated by a
probit (or logit) regression. We include many neighborhood character-
istics, such as population density, share of foreign migrants, distance to
the nearest train station, et cetera. This method enables us to match
neighborhoods by minimizing the difference in propensity scores
between the target and control neighborhoods. Potential control neigh-
borhoods are located between 1.5 km and 10 km from the redeveloped
industrial heritage sites. This ensures that it is impossible that the rede-
velopment of the industrial heritage site has had any impact on theprice
of the sold houses in the control area. These matched pairs are then
more-or-less identical to each other, except for the treatment that the
target area has had due to the redevelopment of the industrial heritage.
Table 5 shows descriptive statistics of the neighborhood characteristics
between the target and control group for which the control group is
based on the propensity score matching procedure.16 Note that in our
preferred specifications we do control for these neighborhood charac-
teristics by adding them as explanatory variables.

Table 6 reports the results of four specifications that takes into ac-
count a treatment area of 500m, which is based on previous estimation
results, and a different control area, which is based on propensity score
matching. The outline of Table 6 is comparable to Table 2. The results in
the different columns show the development of the size and signifi-
cance of the coefficients when we start to control for more factors. It
shows how omitted variables can have an influence on the results of a
difference-in-difference hedonic model.
15 For more details on matching techniques, see Abadie and Imbens (2002, 2006, 2011)
and Abott and Klaiber (2013).
16 We used the psmatch2 command in STATA on the neighborhood data to find control
areas which are as similar as possible to the target areas. The output gives each neighbor-
hood a ‘propensity score’. A neighborhood that did not receive treatment and which has
the closest score to the score of a treatmentneighborhoodwill be chosen as one of the con-
trol groups. This type of matching is done for each of the treatment neighborhoods.
If we focus on Column (4) and compare these results with Column
(4) of Table 2, there are some differences that we want to highlight.
We find somewhat stronger negative external effects before the start
of the redevelopment of the industrial heritage sites. A house next to
the industrial heritage site before the start of the redevelopment
(TREND=0 andD=0) sold for around6% less than comparable houses
based on their propensity score. The spatial effect is also somewhat dif-
ferent as we now find that there are also positive and significant trend
effects. The interactions between the trend and distance variables are
also significant– just as in Table 2. See Appendix D for theprice response
figures which show a different picture, but the conclusion stays more-
or-less the same. In recent years the negative external effect increased
before the start of the redevelopment. However, for this specification
themagnitude of the increase in negative external effect differs for hous-
es close and further away from the industrial heritage site in a non-
linear u-shaped form. Another noticeable difference between Column
(4) of Table 6 and Table 2 is that the positive external effects disappear,
but positive trend effects appear after the completion of the industrial
heritage site. The trend effect after completion of the redevelopment is
the same for all houses within 500 m from the redeveloped industrial
heritage sites. The effect increases house prices with 1%-point per year
compared to the control group that is now based on propensity score
matching. This implies that positive external effects do not immediately
arise after the redevelopment but that it takes some time.

5.4. Are our results driven by the large cities?

Another way to look at the selection problem is that it is likely that
the large redevelopment projects in the larger cities have higher exter-
nal effects (e.g. these projects get more national (media) attention or
policymakers are better able to identify and predict ‘successful’ redevel-
opment projects). This could drive up the coefficients thatwe find in our
previous specification. To test this we split the dataset into two. In the
first dataset we only keep the redevelopment projects in the “G4” cities
in The Netherlands and in the second dataset the remaining projects.17

The G4 cities in The Netherlands include Amsterdam, Rotterdam, Den
Hague and Utrecht. They form the heart of the Randstad area, where
most of the economic activity in The Netherlands takes place. The spec-
ification that we use for the two separate regressions is similar to the
specification (4) of Table 2. These regressions form a basis for a Chow
(1960) test. Its null hypothesis is that the intercepts and slopes are iden-
tical between the G4 cities and the other cities and villages.

Table 7 reports the results for our preferred specification that for Col-
umn (1) only includes the G4 cities and for Column (2) excludes the G4
cities. The coefficients of our key variables show some differences com-
pared to the pooled model (specification 4 of Table 2). For Column
(1) the effects are significant but larger. For Column (2) the significance
disappears almost completely, except for the TREND BEFORE variables.
The Chow F-statistic (14.56) is also significantly different from zero at
the 99% level. This implies that industrial heritage sites before and
17 The big four cities are located in the Randstad and include Amsterdam, Den Hague,
Rotterdam and Utrecht.



Table 6
Regression results of the matching specification.

(1) (2) (3) (4)

Target area 0–500 m 0–500 m 0–500 m 0–500 m

Control area Prop. score Prop. score Prop. score Prop. score

Before −0.000146 (0.0429) −0.0246 (0.0314) −0.0682⁎⁎ (0.0322) −0.0607⁎ (0.0316)
Before ∗ D −0.000474 (0.000298) −0.000272 (0.000218) 0.000106 (0.000167) 0.000164 (0.000168)
Before ∗ D2 9.59e-07⁎ (4.93e-07) 4.44e-07 (3.60e-07) −1.02e-07 (2.73e-07) −2.19e-07 (2.73e-07)
Trend before −0.0136⁎ (0.00723) −0.0136⁎⁎⁎ (0.00503) 0.0121⁎⁎⁎ (0.00416) 0.0140⁎⁎⁎ (0.00413)
Trend before ∗ D 8.46e-05⁎ (5.03e-05) 4.74e-05 (3.47e-05) −4.31e-05 (2.85e-05) −6.79e-05⁎⁎ (2.83e-05)
Trend before ∗ D2 −1.55e-07⁎ (8.25e-08) −6.67e-08 (5.69e-08) 7.41e-08 (4.62e-08) 1.15e-07⁎⁎ (4.58e-08)
Between −0.0138 (0.0529) 0.0796⁎⁎ (0.0365) 0.0620⁎⁎ (0.0276) 0.0536⁎ (0.0276)
Between ∗ D 0.000843⁎⁎ (0.000377) −0.000393 (0.000262) −0.000352⁎ (0.000193) −0.000377⁎ (0.000193)
Between ∗ D2 −2.04e-06⁎⁎⁎ (6.32e-07) 4.18e-07 (4.39e-07) 4.05e-07 (3.17e-07) 4.70e-07 (3.18e-07)
After 0.0659 (0.0618) 0.0354 (0.0407) 0.0277 (0.0303) 0.0107 (0.0304)
After ∗ D 0.000168 (0.000443) −7.71e-05 (0.000293) −8.71e-05 (0.000214) −8.88e-05 (0.000214)
After ∗ D2 −7.62e-07 (7.47e-07) −1.16e-08 (4.95e-07) 8.04e-08 (3.55e-07) 1.28e-07 (3.54e-07)
Trend after 0.0352⁎⁎⁎ (0.0110) −0.00573 (0.00607) 0.00873⁎ (0.00471) 0.00972⁎⁎ (0.00469)
Trend after ∗ D −9.22e-05 (8.28e-05) 9.04e-05⁎⁎ (4.59e-05) 5.77e-06 (3.56e-05) −3.99e-06 (3.54e-05)
Trend after ∗ D2 1.68e-07 (1.46e-07) −1.29e-07 (8.15e-08) −7.56e-09 (6.27e-08) 3.06e-09 (6.24e-08)
Year fixed effects (21) Yes Yes Yes Yes
Structural characteristics (17) No Yes Yes Yes
Building period dummies (6) No Yes Yes Yes
Industrial site characteristics (3) No Yes Yes Yes
Neighborhood fixed effects (397) No No Yes Yes
Neighborhood characteristics (7) No No No Yes
Observations 40,696 40,696 40,696 40,696
Adjusted R2 0.361 0.767 0.898 0.899

Note: Dependent variable is ln(transaction price). The coefficients of the control variables for specification (4) can be found in Table C.3 of Appendix C. The other coefficients can be ob-
tained from the author. Robust standard errors are reported between parentheses.
⁎ p b 0.10.
⁎⁎ p b 0.05.
⁎⁎⁎ p b 0.01.
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after the redevelopment have (almost) no external effects on
house prices in the (smaller) cities and villages in The Netherlands.
This suggests that significant external effects are only observed in
Table 7
Regression results after splitting dataset between G4 cities and the rest.

(1)

G4 only

Target area 0–1000 m

Control area 1000–2000 m

Before −0.0906⁎⁎⁎

Before ∗ D 0.000247⁎⁎

Before ∗ D2 −1.77e-07⁎⁎

Trend before −0.00508
Trend before ∗ D 4.31e-06
Trend before ∗ D2 4.61e-09
Between 0.0864⁎⁎⁎

Between ∗ D −0.000251⁎⁎

Between ∗ D2 1.92e-07⁎⁎

After 0.0957⁎⁎⁎

After ∗ D −0.000320⁎⁎⁎

After ∗ D2 2.42e-07⁎⁎⁎

Trend after 0.000991
Trend after ∗ D 2.02e-05
Trend after ∗ D2 −2.01e-08⁎

Year fixed effects Yes
Structural characteristics Yes
Building period dummies Yes
Industrial site characteristics Yes
Neighborhood fixed effects Yes
Neighborhood characteristics Yes
Observations 72,760
Adjusted R2 0.916

Note: Dependent variable is ln(transaction price). The coefficients of the control variables can b
resulting Chow test produced the statistic F(709,206,887) = 14.56⁎⁎⁎.
⁎ p b 0.10.
⁎⁎ p b 0.05.
⁎⁎⁎ p b 0.01.
redevelopment projects in larger cities and that our earlier results
were driven by the redevelopment of industrial heritage sites there.
This is in line with results reported in the working paper version of
(2)

Excluding G4

0–1000 m

1000–2000 m

(0.0285) 0.000629 (0.0135)
(9.59e-05) −1.10e-05 (4.57e-05)
(7.54e-08) 1.56e-08 (3.73e-08)
(0.00574) −0.00419⁎⁎ (0.00203)
(1.91e-05) 1.66e-05⁎⁎ (7.29e-06)
(1.49e-08) −1.44e-08⁎⁎ (6.02e-09)
(0.0315) 0.0121 (0.0153)
(0.000110) −7.78e-05 (5.48e-05)
(8.77e-08) 6.24e-08 (4.52e-08)
(0.0315) 0.0102 (0.0180)
(0.000111) −1.65e-05 (6.54e-05)
(8.91e-08) −4.75e-09 (5.47e-08)
(0.00354) 0.00403 (0.00368)
(1.39e-05) 1.61e-05 (1.40e-05)
(1.21e-08) −1.83e-08 (1.20e-08)

Yes
Yes
Yes
Yes
Yes
Yes
135,545

0.892

e obtained from the author. Robust standard errors are reported between parentheses. The



Table 8
Redevelopment costs and external benefits on house prices.

Owner-occupied
houses only

Owner-occupied +
rental houses

Total external benefits on house prices (in 2013 mln euros) 46–184 129–484
Total redevelopment costs (in 2013 mln euros) 453 453
Percentage covered 10%–41% 28%–107%

Note: All values are in 2013 prices.
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this article, Van Duijn et al. (2014), where we estimate separate
difference-in-difference hedonic regressions for five industrial heritage
sites and only found large positive and significant external effects for the
AmsterdamWestergasfabriek and not for the other four redevelopment
projects that were not located in one of the largest cities.
6. Implications for cost–benefit analysis

In the previous two sections, we have reported many results which
leads to a better understanding of the external effects of redeveloping
industrial heritage sites. To make the quantitative implications for the
impact of redevelopment policy even more explicit, we propose –
given that we have to make some additional assumptions – to conduct
a rough cost–benefit analysis to compare themonetary costs of redevel-
opment and the external benefits for owner-occupiers.18 These external
benefits are usually not reported in the budget of redevelopment pro-
jects. Unfortunately, it is difficult to obtain the redevelopment costs of
each redevelopment project in The Netherlands.Wemanaged to obtain
the total redevelopment costs (investments and subsidies) from 25 out
of the 36 projects. The following calculations are based on the 25 pro-
jects which are reported in Appendix F.

First, we calculate the redevelopment costs and estimate the exter-
nal benefits on house prices in 2013 prices by deflating the prices with
the consumer price index, collected from Statistics Netherlands. Second,
we ignore ‘possible’ benefits on commercial properties so the estimated
external benefits are best interpreted as lower bound estimates. Third,
we count the number of owner-occupied and rental houses within
each concentric ring of 100 m for the treatment area using register
data on addresses and buildings (BAG). Furthermore, we assume that
our results are representative for the whole owner-occupied housing
stock within the treatment area.

Table 8 reports an overview of the total redevelopment costs and the
total external benefits based on house prices. For the total external ben-
efits we show a lower and upper-bound based on the preferred specifi-
cation 4 in Tables 4 and 7. The external benefits reported in the first
column ignore the possible benefits for rental properties within the
treatment area. The reason is that a large share of the rental properties
in The Netherlands – and especially in inner cities – is rent-controlled.
However, if these rental houseswould be sold in the future, the external
benefits of these houses should not be ignored. If we assume that the ef-
fect on owner-occupied houses is identical to the effect on rental houses
the external benefits increase even more substantially, as we show in
the second column. The results show that the total external benefits
on house prices is between € 46 million and € 184 million for 25 rede-
velopment projects if we only count the owner-occupied houses. We
compare this to the total redevelopment costs of these 25 projects
which is € 453 million. It appears that the external benefits cover be-
tween 10 and 41% of the total redevelopment costs. The total external
benefits increase to € 129 million and € 484 million if not only owner-
18 The estimated benefits are based on the regression results in Table 7. Therefore,we as-
sume that the estimated price effects are constant for all owner-occupied houses, across
the redevelopment projects within the G4 cities, across the projects within the other
cities/villages, and across the study period 1990–2011.
occupied houses but also rental houses are counted, which cover be-
tween 28 and 107% of the total redevelopment costs. In general, this
suggests that the external benefits of renovating industrial heritage
sites – close to residential areas – are important to consider in spatial
policy as they cover a substantial part of the redevelopment costs.

7. Conclusions

In this paper, we investigate the presence of external effects of the
redevelopment of the industrial heritage sites on house prices, making
a distinction between years before the start, between the start and com-
pletion, and after the completion of the redevelopment projects. We
used 36 finished projects which were former industrial heritage sites
with a cultural-historic background that lost their original function.
These projects are spread over The Netherlands. Local governments in-
dependently decided that the cultural-historic aspects of these sites
should be preserved by redevelopment.

We use a difference-in-difference hedonic price methodology
that compares quality-adjusted house prices of sold houses within a
certain treatment radius before the start, between the start and comple-
tion, and after the completion of the redevelopment project and
compared them to a predefined control area. We control for many
housing, industrial heritage site and neighborhood characteristics
and pay special attention to defining the treatment and control
area. In our baseline specification the treatment area is defined as
those sold houses within 1000 m of the redeveloped industrial heri-
tage site. The control area is first defined as the most outer ring (sold
houses between 1000m and 2000 m of redeveloped industrial heritage
sites) but we also use a matching estimator to define a control area
that is as similar as possible to the treatment area given many local
characteristics. Ourmethodology tries tominimize the omitted variable
bias – often caused by unobserved investment or developments in
the vicinity of the industrial heritage sites – by using different specifica-
tions and by controlling for neighborhood and time fixed effects. The
development of the coefficients over the different specifications shows
possible overestimation of earlier research on external effects. Our con-
clusions are as follows: 1) Negative external effects before the start of
the redevelopment of industrial heritage sites are relatively small and
local compared to other (similar) literature. De Groot and De Vor
(2011)find larger effects both inmagnitude as in spatial effects. Howev-
er, they investigate all types of industrial sites in only a part of The
Netherlands and the empirical methodology is less extensive. 2) If neg-
ative external effects are present, they disappear at or just after the start
of the redevelopmentwhich suggests anticipation effects in the housing
market. 3) Positive external effects on house prices are present after the
completion of the redevelopment of industrial heritage sites in the larg-
er cities in The Netherlands. However, our results are not conclusive on
when these positive external effects arise. In some specifications, we
find already positive external effects before the completion of the indus-
trial site. In other specifications, we find positive trend effects that
emerge gradually over time after the redevelopment of industrial
heritage.

This paper has clear policy relevance. First, it has been argued
that redevelopment of industrial and other heritage has important
positive effects on the surrounding neighborhoods. See, for instance,
Rypkema (1994) and Listokin et al. (1998). Our results only provide
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partial support for such claims. In summary, they strongly confirm the
effectiveness of redevelopment policies in removing negative external
effects of abandoned industrial heritage sites. However, they do
not confirm the emergence of positive external effects after their com-
pletion outside the four largest cities. This suggests that an urban envi-
ronment is an important driver of the emergence of positive external
effects after redevelopment. Second, the external benefits cover a sub-
stantial part of the redevelopment costs. This suggests that external
benefits of redeveloping industrial sites – or maybe even redevelop-
ment in general – on residential areas should be considered in spatial
policy.
Fig. A.1. Industrial heritage sites th
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Appendix A. The location of industrial heritage sites used in our analysis
at are included in our analysis.
Appendix B. Falsification exercise

We consider a falsification exercise to test the credibility of our proposed empirical strategy. The idea is that wewant to investigate our empirical
strategy if we only use industrial heritage sites which did not undergo redevelopment. We follow a similar method used by Dávila and Mora (2005)
and Ratcliffe and VonHinke Kessler Scholder (2015). In our industrial heritage data, we identify 26 redevelopment projects which are not completed
yet. Because we find anticipation effects between the start and the completion of the redevelopment projects we have to drop those projects which
already startedwith the redevelopment. This leaves us with 12 redevelopment projects (see Fig. A.1 in Appendix A for the location of these projects).

One important aspect of our empirical strategy is that we know the start and completion of the redevelopment projects. Because our empirical
strategy heavily relies on this information, we have to impose these ‘pseudo’-years for the redevelopment projects in the falsification exercise. We

Image of Fig. A.1
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randomly assign the start of the redevelopment which should be within the time window for which we have transaction data (pseudo-start year).
The average time to complete the redevelopment is around three years. Therefore,we assign the pseudo-year of completion three years after the start
of the redevelopment. These pseudo-years are essential to identify our key variables. We create multiple sets of pseudo-years to make sure we find
average effects. We expect our key coefficients to be negative because the redevelopment did not actually took place and thus negative external ef-
fects are likely to be found. These negative external effects is something we observe in almost every specification (see the BEFORE coefficients).

Table B.1 reports the results of the average effects based on ten regressions where we separately drew random start years. Most of the key coef-
ficients are negative – aswe expected – but they are not significant. However, these results gives us faith that in this paper we apply a solid empirical
strategy.

Table B.1
Regression results based on falsification exercise with pseudo years.
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(1)
Sample size
 b2000 m
Target area
 0–000 m
Control area
 1000–2000 m
Year of start
 Randomly drawn
Year of completion
 = Year of start + 3
efore
 0.0012
 (0.03382)

efore ∗ D
 −2.00E-05
 (1.17E-04)

efore ∗ D2
 1.12E-08
 (9.56E-08)

end before
 −0.0108
 (0.00687)

end before ∗ D
 −2.20E-06
 (2.36E-05)

end before ∗ D2
 1.08E-08
 (1.89E-08)

etween
 −0.0329
 (0.03574)

etween ∗ D
 1.02E-04
 (1.29E-04)

etween ∗ D2
 −6.43E-08
 (1.07E-07)

fter
 −0.0467
 (0.03529)

fter ∗ D
 2.30E-04⁎⁎
 (1.27E-04)

fter ∗ D2
 −1.89E-07⁎⁎
 (1.05E-07)

end after
 −0.0069⁎
 (0.00328)

end after ∗ D
 1.68E-05
 (1.23E-05)

end after ∗ D2
 −8.70E-09
 (1.05E-08)

ear fixed effects
 Yes

ructural characteristics
 Yes

uilding period dummies
 Yes

dustrial site characteristics
 Yes

eighborhood fixed effects
 Yes

eighborhood characteristics
 Yes

bservations
 60,603

djusted R2
 0.899
A
Note: The values are based on the average of ten regressions. In eachof the regressions the pseudo yearswere randomly drawnagain. In thiswaywemake surewe did not report an outlier
based on one draw. Dependent variable is ln(transaction price). The other coefficients can be obtained from the author. Robust standard errors are reported between parentheses.
⁎ p b 0.10.
⁎⁎ p b 0.05.
⁎⁎⁎ p b 0.01.

Appendix C. Regression results from the omitted variables in the paper

Table C.1
Table 2 continued: Results from the other variables (specification 4 only).
(floorspace in m2)
 0.571⁎⁎⁎
 (0.00518)
 Transaction year 1990 (ref: 2011)
 −1.274⁎⁎⁎
 (0.00580)

ooms (#)
 0.0414⁎⁎⁎
 (0.000996)
 Transaction year 1991
 −1.224⁎⁎⁎
 (0.00532)

ouse (ref: apartment)
 −0.0674⁎⁎⁎
 (0.00175)
 Transaction year 1992
 −1.132⁎⁎⁎
 (0.00527)

etached house
 0.255⁎⁎⁎
 (0.00349)
 Transaction year 1993
 −1.024⁎⁎⁎
 (0.00502)

mi-detached house
 0.0883⁎⁎⁎
 (0.00227)
 Transaction year 1994
 −0.946⁎⁎⁎
 (0.00464)

orner house
 0.0158⁎⁎⁎
 (0.00165)
 Transaction year 1995
 −0.870⁎⁎⁎
 (0.00446)

alcony
 0.00452⁎⁎⁎
 (0.00107)
 Transaction year 1996
 −0.751⁎⁎⁎
 (0.00457)

rrace
 0.0488⁎⁎⁎
 (0.00176)
 Transaction year 1997
 −0.648⁎⁎⁎
 (0.00433)
rivate parking
 0.135⁎⁎⁎
 (0.00178)
 Transaction year 1998
 −0.546⁎⁎⁎
 (0.00422)

ell maintained garden
 0.0775⁎⁎⁎
 (0.00133)
 Transaction year 1999
 −0.394⁎⁎⁎
 (0.00408)

ad maintenance inside
 −0.0936⁎⁎⁎
 (0.00155)
 Transaction year 2000
 −0.311⁎⁎⁎
 (0.00334)

ad maintenance outside
 −0.0722⁎⁎⁎
 (0.00184)
 Transaction year 2001
 −0.218⁎⁎⁎
 (0.00317)

entral heating
 0.0955⁎⁎⁎
 (0.00142)
 Transaction year 2002
 −0.156⁎⁎⁎
 (0.00308)

sted built monument status
 0.0975⁎⁎⁎
 (0.00368)
 Transaction year 2003
 −0.136⁎⁎⁎
 (0.00295)

ze of the industrial site (in m2)
 7.57e-09
 (8.89e-09)
 Transaction year 2004
 −0.101⁎⁎⁎
 (0.00287)

ther redevelopment projects within 10 km (#)
 −0.0133⁎⁎⁎
 (0.00135)
 Transaction year 2005
 −0.0606⁎⁎⁎
 (0.00279)

ther redevelopment projects within 10 km radius (#2)
 0.00494⁎⁎⁎
 (0.000228)
 Transaction year 2006
 −0.0191⁎⁎⁎
 (0.00267)

reign migrants (%)
 −0.00183⁎⁎⁎
 (0.000166)
 Transaction year 2007
 0.0288⁎⁎⁎
 (0.00259)

(population density)
 0.0228⁎⁎⁎
 (0.00138)
 Transaction year 2008
 0.0556⁎⁎⁎
 (0.00261)
)

(continued on next page)

(continued on next page
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Table C.1 (continued)
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(distance to train station)
 −0.00530⁎⁎
 (0.00251)
 Transaction year 2009
 0.00151
 (0.00258)

sted built monuments in a 50 m radius (#)
 0.000232
 (0.000235)
 Transaction year 2010
 −0.000835
 (0.00262)

verage household size (#)
 −0.0574⁎⁎⁎
 (0.00236)

oung people (%)
 0.00300⁎⁎⁎
 (0.000314)
 Constant
 .521⁎⁎⁎
 (0.0296)

lderly people (%)
 −0.00296⁎⁎⁎
 (0.000204)

uilt in period b1945 (ref: built in period after 2000)
 −0.210⁎⁎⁎
 (0.00304)
 Observations
 208,305

uilding period 1945–1960
 −0.252⁎⁎⁎
 (0.00337)
 Adjusted R2
 0.898

uilding period 1961–1970
 −0.260⁎⁎⁎
 (0.00352)

uilding period 1971–1980
 −0.219⁎⁎⁎
 (0.00344)

uilding period 1981–1990
 −0.167⁎⁎⁎
 (0.00344)

uilding period 1991–2000
 −0.0661⁎⁎⁎
 (0.00328)
B
Note: Results from the other cases can be obtained from the author. Robust standard errors are reported between parentheses.
⁎ p b 0.10.
⁎⁎ p b 0.05.
⁎⁎⁎ p b 0.01.

Table C.2
Table 3 continued: Results from the other variables (specification 2 only).
(floorspace in m2)
 0.571⁎⁎⁎
 (0.00518)
 Transaction year 1990 (ref: 2011)
 −1.274⁎⁎⁎
 (0.00581)

ooms (#)
 0.0414⁎⁎⁎
 (0.000996)
 Transaction year 1991
 −1.224⁎⁎⁎
 (0.00532)

ouse (ref: apartment)
 −0.0675⁎⁎⁎
 (0.00175)
 Transaction year 1992
 −1.132⁎⁎⁎
 (0.00527)

etached house
 0.255⁎⁎⁎
 (0.00349)
 Transaction year 1993
 −1.024⁎⁎⁎
 (0.00503)

emi-detached house
 0.0882⁎⁎⁎
 (0.00227)
 Transaction year 1994
 −0.946⁎⁎⁎
 (0.00464)

orner house
 0.0158⁎⁎⁎
 (0.00165)
 Transaction year 1995
 −0.869⁎⁎⁎
 (0.00446)

alcony
 0.00452⁎⁎⁎
 (0.00107)
 Transaction year 1996
 0.751⁎⁎⁎
 (0.00457)

errace
 0.0487⁎⁎⁎
 (0.00176)
 Transaction year 1997
 −0.648⁎⁎⁎
 (0.00433)

rivate parking
 0.135⁎⁎⁎
 (0.00178)
 Transaction year 1998
 −0.546⁎⁎⁎
 (0.00422)

ell maintained garden
 0.0775⁎⁎⁎
 (0.00133)
 Transaction year 1999
 −0.394⁎⁎⁎
 (0.00408)

ad maintenance inside
 −0.0936⁎⁎⁎
 (0.00155)
 Transaction year 2000
 −0.311⁎⁎⁎
 (0.00334)

ad maintenance outside
 −0.0722⁎⁎⁎
 (0.00184)
 Transaction year 2001
 −0.218⁎⁎⁎
 (0.00317)

entral heating
 0.0955⁎⁎⁎
 (0.00142)
 Transaction year 2002
 −0.157⁎⁎⁎
 (0.00308)

sted built monument status
 0.0974⁎⁎⁎
 (0.00368)
 Transaction year 2003
 −0.136⁎⁎⁎
 (0.00295)

ze of the industrial site (in m2)
 7.54e-09
 (8.89e-09)
 Transaction year 2004
 −0.101⁎⁎⁎
 (0.00287)

ther redevelopment projects within 10 km (#)
 −0.0133⁎⁎⁎
 (0.00135)
 Transaction year 2005
 −0.0608⁎⁎⁎
 (0.00279)

ther redevelopment projects within 10 km radius (#2)
 0.00494⁎⁎⁎
 (0.000228)
 Transaction year 2006
 −0.0192⁎⁎⁎
 (0.00267)

reign migrants (%)
 −0.00182⁎⁎⁎
 (0.000167)
 Transaction year 2007
 0.0287⁎⁎⁎
 (0.00259)

(population density)
 0.0227⁎⁎⁎
 (0.00139)
 Transaction year 2008
 0.0554⁎⁎⁎
 (0.00261)

(distance to train station)
 −0.00537⁎⁎
 (0.00250)
 Transaction year 2009
 0.00143
 (0.00258)

sted built monuments in a 50 m radius (#)
 0.000223
 (0.000235)
 Transaction year 2010
 −0.000815
 (0.00262)

verage household size (#)
 −0.0577⁎⁎⁎
 (0.00237)

oung people (%)
 0.00301⁎⁎⁎
 (0.000314)
 Constant
 9.523⁎⁎⁎
 (0.0295)

lderly people (%)
 −0.00297⁎⁎⁎
 (0.000204)

uilt in period b1945 (ref: built in period after 2000)
 −0.210⁎⁎⁎
 (0.00304)
 Observations
 208,305

uilding period 1945–1960
 −0.252⁎⁎⁎
 (0.00337)
 Adjusted R2
 0.898

uilding period 1961–1970
 −0.260⁎⁎⁎
 (0.00352)

uilding period 1971–1980
 −0.219⁎⁎⁎
 (0.00344)

uilding period 1981–1990
 −0.167⁎⁎⁎
 (0.00344)

uilding period 1991–2000
 −0.0661⁎⁎⁎
 (0.00328)
B
Note: Results from the other cases can be obtained from the author. Robust standard errors are reported between parentheses.
⁎ p b 0.10.
⁎⁎ p b 0.05.
⁎⁎⁎ p b 0.01.

Table C.3
Table 6 continued: Results from the other variables (specification 4 only).
(floorspace in m2)
 0.652⁎⁎⁎
 (0.00966)
 Transaction year 1990 (ref: 2011)
 −1.337⁎⁎⁎
 (0.0162)

ooms (#)
 0.0340⁎⁎⁎
 (0.00211)
 Transaction year 1991
 −1.280⁎⁎⁎
 (0.0137)

ouse (ref: apartment)
 −0.0226⁎⁎⁎
 (0.00427)
 Transaction year 1992
 −1.184⁎⁎⁎
 (0.0137)

etached house
 0.185⁎⁎⁎
 (0.00802)
 Transaction year 1993
 −1.098⁎⁎⁎
 (0.0132)

emi-detached house
 0.0699⁎⁎⁎
 (0.00550)
 Transaction year 1994
 −1.020⁎⁎⁎
 (0.0124)

orner house
 0.000655
 (0.00460)
 Transaction year 1995
 −0.955⁎⁎⁎
 (0.0114)

alcony
 0.00853⁎⁎⁎
 (0.00241)
 Transaction year 1996
 −0.829⁎⁎⁎
 (0.0114)

errace
 0.0532⁎⁎⁎
 (0.00364)
 Transaction year 1997
 −0.717⁎⁎⁎
 (0.0114)

rivate parking
 0.119⁎⁎⁎
 (0.00421)
 Transaction year 1998
 −0.590⁎⁎⁎
 (0.0105)

ell maintained garden
 0.0896⁎⁎⁎
 (0.00337)
 Transaction year 1999
 −0.392⁎⁎⁎
 (0.0104)

ad maintenance inside
 −0.109⁎⁎⁎
 (0.00377)
 Transaction year 2000
 −0.328⁎⁎⁎
 (0.00823)

ad maintenance outside
 −0.0826⁎⁎⁎
 (0.00436)
 Transaction year 2001
 −0.234⁎⁎⁎
 (0.00770)

entral heating
 0.0962⁎⁎⁎
 (0.00319)
 Transaction year 2002
 −0.171⁎⁎⁎
 (0.00728)

sted built monument status
 0.0774⁎⁎⁎
 (0.00624)
 Transaction year 2003
 −0.162⁎⁎⁎
 (0.00690)

ze of the industrial site (in m2)
 1.73e-08
 (1.47e-08)
 Transaction year 2004
 −0.117⁎⁎⁎
 (0.00669)

ther redevelopment projects within 10 km radius (#)
 −0.0109⁎⁎⁎
 (0.00281)
 Transaction year 2005
 −0.0782⁎⁎⁎
 (0.00642)

ther redevelopment projects within 10 km2 (#2)
 0.00307⁎⁎⁎
 (0.000431)
 Transaction year 2006
 −0.0248⁎⁎⁎
 (0.00601)

reign migrants (%)
 −0.00360⁎⁎⁎
 (0.000417)
 Transaction year 2007
 0.0404⁎⁎⁎
 (0.00578)

(population density)
 0.00581
 (0.00390)
 Transaction year 2008
 0.0671⁎⁎⁎
 (0.00590)
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(distance to trainstation)
 −0.000424
 (0.00550)
 Transaction year 2009
 0.00392
 (0.00575)

sted built monuments in a 50 m radius (#)
 −0.000452
 (0.000363)
 Transaction year 2010
 0.0130⁎⁎
 (0.00587)

verage household size (#)
 −0.0743⁎⁎⁎
 (0.00562)

oung people (%)
 0.00802⁎⁎⁎
 (0.000926)
 Constant
 9.335⁎⁎⁎
 (0.0635)

lderly people (%)
 0.000108
 (0.000519)

uilt in period b1945 (ref: built in period after 2000)
 −0.190⁎⁎⁎
 (0.00590)
 Observations
 40,696

uilding period 1945–1960
 −0.217⁎⁎⁎
 (0.00703)
 Adjusted R2
 0.899

uilding period 1961–1970
 −0.233⁎⁎⁎
 (0.00824)

uilding period 1971–1980
 −0.212⁎⁎⁎
 (0.00689)

uilding period 1981–1990
 −0.157⁎⁎⁎
 (0.00676)

uilding period 1991–2000
 −0.0669⁎⁎⁎
 (0.00660)
B
Note: Results from the other cases can be obtained from the author. Robust standard errors are reported between parentheses.
⁎ p b 0.10.
⁎⁎ p b 0.05.
⁎⁎⁎ p b 0.01.

Appendix D. Additional price response figures (based on Table 6)
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Fig. D.1. Relative price response over space and for different trends before the start of the redevelopment (top panel) and after the completion of the redevelopment (bottompanel) using
thematching specification. Note: The calculations are based on the coefficients of specification (4)which are at least significantly different from zero on a 90% level, the years (t) before the
start or after the completion, and the distance from the nearest industrial heritage site.

Appendix E. Additional information repeat sales analysis

The repeat sales specification is derived using the baseline specification which is closely related to Schwartz et al. (2006). We substantially differ
from Schwartz et al. (2006) in twoways. First, the structural characteristics of houses can change over time.We allow for these changes over time. It
is not uncommon in The Netherlands that owner-occupiers increase the quality of their house by investing in a dormer or other extension projects.
Second, we have included more stages of the redevelopment process which are reflected in the ring variables (Ritrs) namely the BEFORE, BETWEEN
and AFTER variables. If we use repeat sales analysis we are able to compare the transitions of these different stages. This implies that we estimate a
‘before-between’ transition effect if we observe that houses are sold before the start and again between the start and the completion of the redevel-
opment. We can do the same for the transitions ‘between–after’ and ‘before–after’. We show this in a more formal notation below.

We start with the natural logarithm of for house price transactions of house i in neighborhood j at time t which is identical to Eq. (1):

ln Pijt
� � ¼

XS

s¼1
αsRitrs þ

XS

s¼1
θsRitrsDi þ

XS

s¼1
φsRitrsD

2
i

þ
XK

k¼1
βkXkit þ γtYt þ π jN j þ εit ;

ðE1Þ

If the same house is soldmore than once, we observe the same housemultiple timeswith different transaction times. To arrive at the repeat sales
specification, we first transform Eq. (E1) into the following equation:

ln Pijτ
� � ¼

XS

s¼1
αsRiτrs þ

XS

s¼1
θsRiτrsDi þ

XS

s¼1
φsRiτrsD

2
i

þ
XK

k¼1
βkXkiτ þ γτYτ þ π jN j þ εit;

ðE2Þ
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where τ is the previous transaction where τb t. Subtracting Eq. (E1) from Eq. (E2) gives the change in the natural logarithm for house price
transactions:

Δt;τ ln Pij
� � ¼

XS

s¼1
αsΔt;τRirs þ

XS

s¼1
θsΔt;τRirsDi þ

XS

s¼1
φsΔt;τRirsD

2
i

þ
XK

k¼1
βkΔt;τXki þ γtYt−γτYτ þ Δt;τεi;

ðE3Þ

where Δt ,τ represents the difference between transaction time t and the previous transaction time τ. Note that the characteristics which are time-
invariant are eliminated from the equation.

Special attention needs to be paid to the ring variables (Ritrs). In Section 3.1we specify five different ring variableswhich are denoted by s, BEFORE,
BEFORE TREND, BETWEEN, AFTER, and AFTER TREND. Let us first focus on the three different stages and ignore the trend variables. These three
dummy variables are connected with each other. If the same house within 1000 m of the industrial heritage site is sold before, between the start
and the completion and after the completion of the project, the following is observed:

1. House A is within 1000 m of the industrial heritage site and is sold before the start of the redevelopment:

BEFORE=1,BETWEEN=0,AFTER=0.
2. House A is sold again a number of years later just after the start, but before the completion of the redevelopment:

BEFORE=1,BETWEEN=1,AFTER=0.
3. House A is sold again for the third time after the completion of the redevelopment19:

BEFORE=1,BETWEEN=0,AFTER=1.
This implies that if look at the changes – as is reflected by Δt ,τRirs in Eq. (E3) – we observe the following:

Transition 2-1: Δ2,1BEFORE = 0, Δ2,1BETWEEN = 1, Δ2,1AFTER = 0.
Transition 3-2: Δ3,2BEFORE = 0, Δ3,2BETWEEN = −1, Δ3,2AFTER = 1.

As onemight suspect already, taking the difference from transaction 2-1 is not problematic, however taking the difference from transaction 3-2 is
when we want to estimate the repeat sales specification. This means that the external effects after the redevelopment project are both picked up by
the coefficients for the BETWEEN and AFTER variable. We propose to solve this issue to define ring variables in such a way that they are based on the
transition between different stages of the redevelopment process:

Transition 2-1: BEFORE–BETWEEN = 1, BETWEEN–AFTER = 0, BEFORE–AFTER = 0.
Transition 3-2: BEFORE–BETWEEN = 0, BETWEEN–AFTER = 1, BEFORE–AFTER = 0.

The equation that we propose and estimate in this paper is then as follows:

Δt;τ ln Pij
� � ¼

XS

s¼1
αsTirs þ

XS

s¼1
θsTirsDi þ

XS

s¼1
φsTirsD

2
i

þ
XK

k¼1
βkΔt;τXki þ γtYt−γτYτ þ Δt;τεi;

ðE4Þ

where Tirs are the transition ring variables.
In addition to solving the issue, we can now also separate the external effects after the redevelopment into two: 1) an effect between houses sold

before the start and after the completion and 2) an effect between houses sold between the start and after the completion and after the completion of
the redevelopment. These transition dummy variables can be interacted with the trend and distance variables in a similar fashion as is described in
Section 3.1.
Appendix F. Additional information counterfactual analysis
Table F.1
25 redevelopment projects which included total redevelopment costs.

Project Location Start of
redevelopment

End of
redevelopment

Total redevelopment
costs (in €)

Damastfabriek, Ootmarsum Ootmarsum 2007 2008 2,230,000
De Witte Dame, Eindhoven Eindhoven 1994 1998 120,000
DRU-cultuurfabriek te Ulft Ulft 2006 2009 15,000,000
Gasfabriek Meppel Meppel 2006 2009 5,700,000
Graansilo's, Amsterdam Amsterdam 1997 2000 17,700,000
Groot HandelsGebouw Rotterdam 2002 2005 63,530,000
Leerlooierij Driesen, Dongen Dongen 2004 2005 1,390,558
Nieuwe Energie, Leiden Leiden 2007 2008 9,700,000
NJ Menko, Enschede Enschede 2006 2008 8,300,000
Silo Weijers, Deventer Deventer 2001 2005 2,700,000
Station Klarendal, Arnhem Arnhem 2005 2008 2,500,000
TETEM portiersloge annex trafogebouw, Enschede Enschede 2009 2009 380,000
Villa Augustus, Dordrecht Dordrecht 2005 2007 6,000,000
19 Note that BEFORE is always 1 for house A because house A is sold in the treatment area. The reference where BEFORE= 0 is the control area. Because we include the BETWEEN and
AFTER dummies, this implies that the BEFORE dummy can be interpret as the external effect of the industrial site before the start of the redevelopment.



Table F.1 (continued)

Project Location Start of
redevelopment

End of
redevelopment

Total redevelopment
costs (in €)

Westergasfabriek, Amsterdam Amsterdam 2000 2003 66,500,000
Wooncomplex Tricot, Winterswijk Winterswijk 2003 2006 21,000,000
Zaanse Chocoladefabriek (voorm. Verkadefabriek) Zaandam 2004 2009 10,000,000
CaballeroFabriek, Den Haag DenHaag 2003 2006 10,000,000
Dobbelmanterrein, Nijmegen Nijmegen 2003 2008 35,000,000
IJzergieterij Stork in Hengelo Hengelo 2000 2008 69,000,000
Leerlooierij Heerenveen Heerenveen 2006 2007 548,000
Lichttoren Eindhoven Eindhoven 2005 2009 1,600,000
Locomotiefremise Bad Nieuweschans Bad Nieuweschans 2004 2004 1,285,000
Paardentramremise Amsterdam Amsterdam 2003 2004 7,192,000
Pakhuis de Zwijger, Amsterdam Amsterdam 2005 2006 7,500,000
Watertoren Soest Soest 2002 2004 631,000
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