
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Housing Market Risks

Theebe, M.A.J.

Publication date
2002
Document Version
Final published version

Link to publication

Citation for published version (APA):
Theebe, M. A. J. (2002). Housing Market Risks. [, Universiteit van Amsterdam - FEE].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/housing-market-risks(c101a362-1a32-41ff-9251-f1b1d052355d).html


. » 

wœm 

9$*« 

SSKS I 
'•'•'''".',-'•'.'' 

.# : 

l&iSsgffB ff» v-'•:/.<:••••..v:... 

wÈËÊËï 
Si 9• • & 



tinbergen institute 

Housing Market Risks 

Marcel Theebe 

Research Series 
Universiteit van Amsterdam 





HOUSING MARKET RISKS 



ISBN 90 5170 610 3 

Cover design: Crasborn Graphic Designers bno, Valkenburg a.d. Geul 

This book is no. 283 of the Tinbergen Institute Research Series, established through 
cooperation between Thela Thesis and the Tinbergen Institute. A list of books which 
already appeared in the series can be found in the back. 



HOUSING MARKET RISKS 

ACADEMISCH PROEFSCHRIFT 

ter verkrijging van de graad van doctor 

aan de Universiteit van Amsterdam 

op gezag van de Rector Magnificus 

prof.mr. P.F. van der Heijden 

ten overstaan van een door het 

college voor promoties ingestelde 

commissie, in het openbaar te verdedigen 

in de Aula der Universiteit 

op dinsdag 4 juni 2002, te 12:00 uur 

door 

Marcel Adolf Johannes Theebe 

geboren te Hilversum 



Promotiecommissie: 

Promotor: 

Prof. Dr. P.M.A. Eichholtz 

Overige leden: 

Prof.dr. F.C.J.M. de Jong 

Prof.dr. CG. Koedijk 

Prof.drs. P.P. Kohnstamm 

Prof.dr. J.G. Lambooy 

Prof. J.M. Quigley 

Faculteit: 

Faculteit der Economische Wetenschappen en Econometrie 



Acknowledgements 

With respect to obtaining eternal fame, writing a dissertation on people's most important 

asset, the house, has both upside and downside potential. The upside concerns the 

potentially huge and nationwide interest; after publication of my 'asylum seekers'-paper 

(Chapter 7 in this dissertation), I was answering phone calls from newspaper journalists 

and radio and television stations for a number of days on a continuous basis. The other 

side of the coin concerns competition of zillions of other housing experts. And judging 

by angry letter writers and my haircutter, the experts are not unanimous in their opinions. 

Thesis writers frequently share one common annoyance: the lack of interest and input 

from their supervisors. However, I think I am the last one on earth who has the right to 

issue these kinds of complaints. Without the ideas, comments, energy and persuasiveness 

of Piet Eichholtz, this thesis would probably not have been finished within the next 

decade. I even dare to postulate that with a different supervisor, I would have been a 

different Marcel. And which supervisor will spend an entire afternoon in his kitchen 

preparing tender lamb and pumpkin desserts for his PhD-students? 

An empirical thesis without data is like a hot-air balloon without hot air: it would 

definitely not get off the ground. Therefore, I am very grateful to professor Jan Luiten 

van Zanden, the Land Registry (Kadaster), the Dutch Association of Real Estate Agents 

(NVM), the Agency for the Reception of Asylum Seekers (COA), the National Institute 

of Public Health and the Environment (RIVM), and Locatus, all for providing their 

valuable data. Although construction and preparation of the many data sets have cost 

me a lot of working and grumbling, it would have taken me much more time without the 

data assistance of Wiebe Tamminga from the Land Registry and Evert Verkuijlen from 

the GIS-center of the University of Amsterdam. I also gratefully used the Spatial 

Statistics Toolbox from professor Kelley Pace from the Louisiana State University. 

Earlier version of chapters in this thesis benefited greatly from the comments of real 

estate professors John Clapp, David Geltner, John Quigley and Marion Steele, from the 

Dutch finance professors Frank de Jong, Peter Schotman and Ben Jacobsen, and from 

participants of the AREUEA meetings in Maastricht (1998), New York (1999) and 

Boston (2000). 

I would also like to thank the persons who created a pleasant working atmosphere. 

During the early years at the Tinbergen Institute, I enjoyed the company of the 

secretaries and fellow PhD's . Later, at the finance department, I have had both fun and 

fruitful discussions with Dirk Brounen, my roommate at less than one meter of physical 

distance, and I was frequendy cheered up by the not always politically correct jokes of 

Yiu Chung Cheung. I also have had an unforgettable experience during my semester at 

the University of California at Berkeley, where professors John Quigley, Robert Edelstein 



and Nancy Wallace provided me with a lot of real estate knowledge. Furthermore, I 

would like to express my gratitude to Mar ja Hoek-Smit from the University of 

Pennsylvania, for allowing me to participate in the International Housing Finance 

Program of the Wharton School. 

Finally, I would like to thank my friends and family for giving me a pleasant private life, 

thereby indirecdy supporting me in my working life. Without the continuous support of 

my parents, I would never have liked studying as much as I did, and I would never have 

become a PhD-student. And lasdy and most importandy: Marc, you being proud of me 

was the best support you could have given me. 

Marcel Theebe 

Amsterdam, March 2002 



Table of Contents 

1. INTRODUCTION 

1.1 WHY HOUSING MARKET RISK CANNOT BE IGNORED 3 

1.2 OUTLINE OF THE DISSERTATION 4 

PART I: MACRO-LEVEL HOUSING MARKET RISK 

2. INDEX CONSTRUCTION FOR BEGINNERS 

2.1 HEDONIC INDICES 9 

2.2 REPEAT-SALES INDICES 11 

2.3 HYBRID INDICES 12 

2.4 SUMMARY AND CONCLUSIONS 13 

3. A LONG-RUN REPEATED-RENT INDEX FOR RESIDENTIAL PROPERTY 15 

3.1 METHODOLOGY 18 

3.2 DATA DESCRIPTION 22 

3.3 RESULTS 26 

3.4 SUMMARY AND CONCLUSIONS 34 

APPENDIX 36 

4. HISTORICAL HOUSING MARKET RISK 37 

4.1 METHODOLOGY 37 

4.2 DATA DESCRIPTION 41 

4.3 RESULTS 44 

4.4 SUMMARY AND CONCLUSIONS 53 

APPENDIX 55 

5. THE INFLATION PROTECTION FROM YOUR OWN HOME: LONG-RUN EVIDENCE 5? 

5.1 LITERATURE 60 

5.2 METHODOLOGY 63 

5.3 DATA DESCRIPTION 65 

5.4 RESULTS 68 

5.5 SUMMARY AND CONCLUSIONS 74 



PART II: MICRO-LEVEL HOUSING MARKET RISK 

6. ADVANCED NIMBY-ANALYSIS 75 

6.1 EXTERNALITIES AND HEDONIC REGRESSION 76 

6.2 N I M B Y LITERATURE REVIEW 77 

6.3 THE PROBLEM WITH HEDONICS 79 

6.4 SPATIAL AUTOREGRESSION EXPLAINED 81 

6.5 SIMULATION OF A NIMBY-STUDY USING SPATIAL TECHNIQUES 85 

6.6 SUMMARY AND CONCLUSIONS 90 

7. HOUSE PRICE EFFECTS OF ASYLUM SEEKERS' ACCOMMODATION CENTERS 91 

7.1 METHODOLOGY 9 2 

7.2 DATA DESCRIPTION 100 

7.3 RESULTS 105 

7.4 SUMMARY AND CONCLUSIONS 114 

APPENDIX 1 1 6 

8. PLANES, TRAINS, AND AUTOMOBILES 135 

8.1 LITERATURE REVIEW 138 

8.2 METHODOLOGY 1 4 0 

8.3 DATA DESCRIPTION 1 4 3 

8.4 RESULTS 147 

8.5 SUMMARY AND CONCLUSIONS 150 

APPENDIX 1 5 2 

9. CONCLUSIONS 1 5 9 

REFERENCES 163 

NEDERLANDSE SAMENVATTING (SUMMARY IN DUTCH) 175 



CHAPTER 1 

Introduction 

Without being actually aware of this, millions of people are exposed to serious 

investment risk, simply by owning a house. Just like stocks or bonds, a purchased house 

has to be sold once, for a price depending on uncontrollable market forces. However, for 

many housing markets, the most recent years do not give any cause to think in terms of 

risk. In the Netherlands, for example, the prosperous nineties pulled the wool over 

nation's eye; house prices kept on rising, even in real terms, and doubled in 8 years time. 

Over the year 2001, U K and US house prices increased sharply as well. A less myopic 

view, however, would provide a different perception. Price developments have not 

always been this favorable. For the countries mentioned before, appreciation rates for the 

most recent years are about double the annual averages since 1980. Figure 1.1 provides 

an impression of the house price developments for these countries. 

Figure 1.1: How far should we look back? 
Nominal house prices and changes, 1976-2001, United Kingdom, United States, and the Netherlands' 

United Kingdom 
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'Based on data of respectively Nationwide Building Society (UK), OFHEO House Price Index (US), and Ministry of 
Housing, Spatial Planning and the Environment, VROM (NL) 
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In the Netherlands, households that bought their house at the top of the housing market 

at the end of the 1970's, had to wait for 14 years until prices reached the original level. If 

these prices are corrected for inflation, this period was 20 years. Over the last 25 years, 

the standard deviation of annual house price changes is about half the standard deviation 

if stock values. Currently, house price growth is slowing down; some models even 

predict structural price decreases for the Dutch near future, like Boelhouwer (2001). 

No t the actual house price changes, but the variability of house price changes is the 

source of risk. House prices move very gradually compared to stock or bond prices, but 

could still show very unstable appreciation rates for horizons longer than a few years. 

Housing market booms and busts could drive up standard deviations to a large extent. 

On average, Dutch house prices rose at the same pace as US prices over the period 1975-

2000, but the standard deviation of Dutch price changes is 3 times as high. In contrast 

with the United Kingdom or the Netherlands, no housing market boom or collapse 

occurred in the United States during these years. Besides due to several booms and a 

bust, the large standard deviation of UK house price changes is due as well to the 

relatively large appreciation rates during 'regular' years. The figures from Table 1.1 show 

that owning a house could mean a considerable risk, but that the risk perception depends 

heavily on the studied time horizon. 

Table 1.1: Mow risky is a home? 

Averages and standard deviations of annual house price changes for the Netherlands, the UK and the US.  

Period Return Rjsk 
(average annual return) (standard deviation)  

NL UK US N L UK Ü S ~ 

1976-1980 10.6% 16.5% 10.2% 20.6% 7.8% 2.9% 
1981-1985 -3.9% 8.1% 4.5% 6.7% 4.3% 1.1% 
1986-1990 4.7% 10.9% 6.0% 1.4% 10.6% 2.0% 
1991-1995 6.7% -2.3% 1.9% 2.2% 2.9% 0.5% 
1996-2000 11.2% 9.4% 5.3% 3.5% 3.1% 1.9% 

2001 7.4% 12.5% 8.4% 

1976-2000 5.7% 8.3% 5.6% 10.4% 8.5% 3.1% 
1981-2000 4.5% 6.4% 4.4% 6.7% 7.7% 2.1% 
1986-2000 7.5% 5.8% 4.4% 3.5% 8.6% 2.3% 
1991-2000 8.9% 3.4% 3.6% 3.5% 6.8% 2.1% 

C3 V. JJ •"-"" " • f -vu H I 1 H . H . J J VI njf, IUI. I U LJI4L4I iCfJ UI ^.\J\J\J U/IU 

2001. The annual figures are based on Ministry of Housing, Spatial Planning and the Environment, VROM 
(NL), Nationwide Building Sodety (UK), and OFHEO House Price Index (US). 

These figures only reflect changes in national averages, caused by factors that influence 

the housing market as a whole, like interest rates or policy changes. However, these 

changes only concern one aspect of the total risk. Besides these macro-level influences, 

uncontrollable micro-level factors could cause price changes as well. A specific 

neighborhood might gain or loose popularity in a relatively short time period, certain 



INTRODUCTION J 

property characteristics might become less desirable, and a specific property might be 

ignored completely by potential buyers. Consider, for example, what would happen to 

house prices if the local government would announce the construction of a nuclear 

power plant. And would property values be the same before and after the explosion of a 

fireworks factory? 

1.1 Why housing market risk cannot be ignored 

For many households, the house is the biggest asset in the private investment portfolio. 

However, investment return might not be the dominant investment motivation for many 

residents. Since a home provides accommodation in the first place, decisions to buy a 

house instead of renting it might be based on other motivations, like lower costs in the 

long run, or realization of dwelling preferences. Price risk might be assumed away with 

arguments like the absence of the explicit need to sell the property, or the likewise fallen 

price of a subsequently owned property if the housing market would collapse. 

Figure 1.2: Huge price differences within a small county. 
Prices and price changes of detached houses, 2000, for 62 Dutch housing market regions". 
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* Based on data from the Dutch Assoüation of Real Estate Agents (NVM). For 1'8 of the SO NVM-regions, the 

number of transacted detached properties is insuffidently large to calculate reliable statistics. 

However, this is head-in-the-sand thinking, since ultimately every property will be sold. 

As far as the collective-collapse argument concerns, it is unlikely that all property prices 

show exactly the same changes at the same moment. For example, Dutch detached 

single-family properties currently rise much faster in price than any other residential 

property type, but even for this type of houses, large differences exist within the country. 
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Figure 1.2 shows how large these differences could be. Prices of detached houses in The 

Hague and Rotterdam rose over 50 percent over during the year 2000, while properties in 

the regions Groningen and Bunnik/Zeist did not rise at all. Since housing demand and 

supply are local factors, ' the' Dutch housing market does not really exist. In case of 

overbuilding or rising mortgage interest rates, not all property values would fall; prices of 

less popular areas or property types are likely to be affected before other areas or 

property types. 

Another argument not to ignore housing market risk relates to the impact of the housing 

market on general wealth. High property values induce higher consumer spending; 

people may feel richer, or are actually richer by cashing their home's equity. So, 

fluctuations in the housing market cause fluctuations in the general economy. Case, 

Quigley and Shiller (2001) proved that housing markets of developed countries appear to 

be more important than the stock market in influencing consumption. 

This thesis studies macro-level and micro-level aspects of housing market risk. Many 

studies have analyzed macro-level factors driving house prices, like changes in G D P or 

policy changes. O n the other hand, many other studies have focused on micro-level 

factors, by studying the price impact of amenities and externalities like highways or waste 

sites. So, if this area is so widely studied, why do we add another 178 pages to the 

literature? 

1.2 Outline of the dissertation 

Looking back 25 years in history yields a different view on housing risk than studying 

only 15 years. However, even these 25 years may not be sufficient. The great majority of 

real estate research concerns data periods of a few decades at most; longer periods are 

frequently not available. Nevertheless, data periods of a few centuries instead of a few 

decades could add a lot of additional research material, which might lead to different 

perceptions. Therefore, we will study housing market risk at a macro-level for very long 

time periods in the first part of this thesis. The second part focuses on housing market 

externality analysis at a micro-level. Both parts start with a 'toolkit'-chapter, in which the 

methodologies being applied in the five empirical chapters are explained in more detail. 

Although all empirical studies concern Dutch housing market data, the conclusions of 

most chapters are likely to be general. 

Macro-level risk 
To analyze house prices, an index is needed. For real estate, this is not as straightforward 

as for the stock or bond market. Stocks are traded at a high frequency, and the stock 

universe is relatively homogenous. Real estate, however, is usually sold after a number of 

years, and there are thousands or millions of different properties within a housing market 

region. Moreover, property values can change considerably in between two transaction 
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moments. Due to the low transaction frequency, a real estate index based on transaction 

prices must assume that all transacted properties within a specific time interval are 

representative to the entire market. Due to the wide heterogeneity of the housing stock, 

this will seldom be the case. As a result, all kinds of measurement problems might arise, 

which need to be dealt with. Since housing market indices play an important role 

throughout this thesis, a brief overview of the applied index construction methods is 

given in Chapter 2. 

In Chapter 3, one of the index construction techniques developed to measure house 

price changes is used to construct an index for the rental housing market. We compare 

the resulting rent index with other rent indices that are constructed with methodologies 

widely used in practice, but which do not reflect true market value, and do not control 

for the heterogeneity problem. The data set we use for this is quite unique; it entails rents 

on a cross section of residential properties in Amsterdam and covers the period between 

1550 and 1850. This index does not suffer from the major pitfalls of the specific index 

method. 

This constructed rent index is used in Chapter 4 to study the behavior of the Amsterdam 

housing market in the long run. In this chapter, a property price index is used as well, 

which is based on the Amsterdam property price index of Eichholtz (1997), starting in 

1649 and extended to 1998. With other variables, a time span of 450 years of Amsterdam 

economic history is covered. Our market analysis shows that rents and prices change 

very similarly, and track business cycles closely in the long run. Event studies indicate 

that the housing market could react very fast to major socio-economic events, like the 

eruption of wars and other disasters. Property sales prices react directly to such large 

shocks with significant declines, and rents react with some delay. The long-run view 

indicates that housing investment is exposed to the entire economy, but more severely 

than the stable recent years would suggest. 

Another source of macro-level house price market risk is the possibility that property 

prices do not keep track with inflation. In that case, the owner suffers a loss in real terms. 

This potential threat is studied in Chapter 5. Using the index for Amsterdam house 

prices for the period 1649-1998, this chapter shows that the link between house price 

changes and inflation depends on the time horizon, and the longer the investment 

horizon, the higher the inflation hedge ratio of house price changes. This chapter also 

shows that when inflation is persistent, home ownership provides some protection 

against inflation risk. Again, with a short-term data set these conclusions could not have 

been derived. 

Micro-level risk 
So far, this study has considered housing market risk at a macro-level. The second part of 

this thesis analyzes how externalities impact house prices at a micro-level. Due to new 

methodologies, algorithms and increasing computer power, analysis of this impact on a 



ü CHAPTER 1 

property-by-property base gains efficiency and reliability. By applying recently developed 

insights into real estate micro market analysis, spatial autocorrelation techniques, to a rich 

data set, we are able to address two topics that gain the most Dutch public attention with 

respect to house prices. However, we first explain in Chapter 6 how housing market 

externalities are studied in the literature, provide a brief review of this literature, and 

show why and how using spatial autocorrelation could improve this type of analysis. 

An externality that is frequently referred to in the media, but politically very delicate, is 

the presence of a center for accommodation of asylum seekers. One argument frequently 

used by opponents of new accommodation centers concerns the value of surrounding 

properties. Chapter 7 analyzes whether this argument is actually true. For this, we use 

113,574 housing transactions occurring in the western part of the Netherlands during the 

years 1997 through 1999, and study all 55 accommodation centers that were in operation 

during this period. Our results suggest that in the majority of cases, the nearby presence 

of a center neither influences property prices, the time required to sell the house, nor the 

sellers' price concession. Despite all public prejudices, asylum seekers centers can 

therefore not be seen as negative housing market externalities. 

Because of large planned infrastructural projects like expansion of the main airport and 

construction of high-speed railways, noise nuisance and its impact on house prices has 

become another national social topic in the Netherlands. Moreover, according to EU-

guidelines, determination and enforcement of differentiated noise limits will be delegated 

from national to local governments in the near future. The value of noise has never been 

this important. In Chapter 8, we use the same property information as in Chapter 7, and 

relate the properties to a grid specifying the traffic noise for small 100-by-100 meter 

areas. We estimate that traffic noise will impact property prices if it exceeds a sound level 

of 65 decibels. The maximum impact will be a 3 to 10 percent value reduction, 

depending on the studied sub-market. The reduction appears to be a nonlinear function 

of the noise level; reducing noise from a very loud to a loud level is less beneficial than 

reducing it from loud to moderately loud. 

Finally, Chapter 9 summarizes the thesis and provides conclusions. 



CHAPTER 2 

Index Construction for Beginners 

Since housing market indices play an important role throughout this entire thesis, this 

chapter provides a brief overview of the applied index construction methods. To study 

the performance of asset markets, good quality indices are a first requirement. This 

sounds seasonable, but for real estate market, constructing such indices can be 

cumbersome. Every stock market is covered by various indices, based on market 

segments or the entire local listed share universe. These indices reflect actual market 

conditions many times per day. In contrast, a real estate market index cannot be based on 

the entire universe of properties, since properties are traded very infrequently. These 

properties do change in value over time without actual trading, and are very 

heterogeneous. When constructing a real estate index by means of transaction prices, the 

package of sold properties is assumed to be a representative sample of the property 

stock, and the time interval in between index numbers has to be rather large in order to 

avoid unrealistic volatility. Using appraised values instead of transaction prices does not 

help much, since actual appraisals occur once in a number of years. Moreover, appraisals 

often do not reflect true market value. Obtaining a reliable real estate market index is not 

as straightforward as it might seem at first sight, and is far more difficult than obtaining a 

reliable stock market index. 

This is a problem, since investors need to judge the attractiveness of real estate as an 

asset class, compared with investment assets like stocks or bonds. This attractiveness of 

the real estate market depends on its returns and risks, which can only be measured by 

means of a reliable index. For example, due to the use of less appropriate indices, many 

studies show unrealistically low standard deviation of real estate returns, such that a 

mean-variance portfolio optimizer might erroneously allocate a large part of a mixed 

asset portfolio to real estate. Examples of studies showing very low standard deviations 

of real estate returns relative to other assets are Ross and Zisler (1991), Goetzmann and 

Ibbotson (1990) and Gilliberto (1990), and are reviewed by Norman, Sirmans and 

Benjamin (1995). Without a correct index, the real estate market cannot be analyzed 

accurately with respect to attractiveness, behavior, efficiency, anomalies or other aspects 

commonly studied for stock or bond markets. A reliable index is therefore very desirable. 

Transaction prices 
Residential real estate usually provides sufficient numbers of transactions for reliable 

index construction, in contrast with commercial real estate like offices, retail and 

industrial properties. This is caused by the fact that the total amount of commercial 
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V: 

properties is substantially lower than the amount of residential properties, and by the fact 

that homogeneity is much stronger for residential property than for commercial property. 

The consensus is that an index based on mean or median transaction prices is not very 

accurate, due to violation of the sample representativeness assumption. The distribution 

of house prices is skewed to the right, which means that an index based on mean prices 

is very sensitive to the exact number of high-price properties sold. For example, if villas 

are sold more frequently during the spring than during other seasons, the mean index will 

show a peak for every spring. This index does not only reflect market changes, but also 

quality changes in the sample composition. In other words, this index is not a constant-

quality index. A median index is less sensitive to this problem, but is still far from perfect. 

Other index construction methods have been developed and applied in practice to 

account for this changing sample quality. 

Appraised values 

As we stated before, the absolute number of transactions for commercial real estate is 

lower, such that a transaction-based index will generally not be viable in practice. 

Therefore, indices reflecting commercial real estate class are mostly based on appraised 

alues. Geltner (1991, 1993a) showed how appraisal based values cause smoothing and 

egging if used to construct a real estate index, thereby altering both index levels and 

volatility. Anchoring on previous appraisals and conservatism of the appraiser are two 

major sources of these distortions. Besides techniques to adjust volatility of an appraisal-

based real estate series and to remove the lag, Geltner and others applied constant-quality 

index techniques to transaction prices of commercial real estate, which have originally 

been applied to house prices (Geltner (1996), Fisher and Geltner (2001), Gatzlaff and 

Geltner (1998), and Geltner and Goetzmann (2000)). 

Constant quality 

Two 'rival' constant-quality index methods are hedonic indices and repeat-sales indices. 

These techmques correct for possible index distortions caused by changing sample 

quality, but in different ways. Hedonic index methods explicitly correct for property 

quality differences by homogenizing properties and property prices using a set of quality 

variables to filter price observations. Repeat-sales methods do not look at price levels, 

and use price changes of the same property instead. Wallace (1996) suggests that in case 

of large numbers of repeat transactions and constant housing attribute levels and prices, 

the hedonic-based indices and repeat-sales indices are likely to be equivalent, in theory. 

Sometimes a mixture of both techniques is used, which is referred to as a hybrid or a 

hedonic repeated-measures method. Excellent studies have been published reviewing 

constant quality index construction, like Cho (1996) and Wang and Zorn (1997), so we 

do not intend to provide another literature review. However, since repeat-sales 

techniques and hedonic techniques are used throughout all following chapters, we 

discuss methodological issues of these techniques in more detail now. 
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2.1 Hedonic indices 

A house could be perceived as a composite of attributes. The house price could therefore 

be considered as a function of implicit prices for those attributes, plus a premium or a 

discount determined by general market conditions. For example, if interest rates fall, all 

house prices are likely to change, while implicit attribute prices will remain constant. A 

hedonic regression tries to reveal the hedonic price function for property attributes, while 

the remaining unexplained part of house prices is assumed to represent 'the market'. 

These market prices are transformed into index numbers. In practice, hedonic indices are 

widely used; for example, the national house price indices of Halifax and Nationwide in the 

United Kingdom are constructed by means of hedonic regression. 

After the first application by Court (1939) on car prices, the hedonic methodology was 

theoretically founded by Tinbergen (1959) and Rosen (1974). Besides creating real estate 

indices, hedonic regression is also used to determine housing market externalities, as 

discussed in Chapter 6. The hedonic theory is based on the idea that consumers try to 

optimize consumption of housing attributes by selecting the bundle of attributes, the 

property, which is closest to the preferred one, depending on the implicit attribute prices 

and the available budget (Kokoski et al, 1999). Derivation of the implicit prices, which 

assumes market equilibrium, occurs through estimation of a regression equation like 

(2.1). 

(2-1) f{Pl,)=ißAl,+iatg{^u)+s,J 

P t l denotes the price of property i sold at time t, X, represents the vector containing 

physical and locational attributes of this property, and dummy D t specifies whether the 

property is sold at time period t. The estimate for ßt can then be simply transformed into 

index number I, by the transformation: 

(2.2) I, 

In Equation (2.1), a transformation of the property price is regressed on time dummies 

and a function of the property characteristics. Box-Cox transformations can be used to 

test for the empirically best transformation of the variables, since there is no best 

specification a priori. Examples of studies dealing with specification issues are Burgess 

and Harmon (1991), Anglin and Genkay (1996) and Pace (1993). Many studies find the 

semi-log specification to be the most convenient, in which the natural logarithm of house 

prices is expressed as a linear function of attributes and time dummies. In that case, 

prices of attributes and time dummies are estimated as log price changes, instead of price 

levels. 
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The exact specification of the hedonic regression equation could take many forms. If the 

actual price is regressed on actual characteristics, Equation (2.1) assumes that implicit 

attribute prices remain constant throughout the entire sample period. To relax this strict 

assumption, a semi-log specification allows for varying attribute prices over time, since 

these prices are estimated as a percentage of the sales price instead of an absolute 

amount. For example, if the presence of a garage is valued at 10 percent of the sales 

price, this value could be € 15,000 in 2000 and € 16,500 in 2001. In that case, percentage 

attribute prices are assumed to be constant. An alternative specification, like Equation 

(2.3), could allow explicitly for time varying attribute prices. 

(2-3) / f e ) = Z A Â + Ê v ( ^ + £, 

The advantage of the hedonic approach relative to its other constant-quality index 'rival' 

is the avoidance of biases in regression outcomes due to the specific calculation and 

wasteful data selection procedures, as discussed in the next section. However, the 

'correct' attribute prices can only be estimated if the 'correct' functional form of the 

regression equation is chosen, and if the 'correct' set of attributes is selected. Theory 

does not provide guidelines, and this potential misspecification of the functional form 

and the possibly incorrect variable selection are two major impediments to the reliability 

of hedonic regression outcomes. Moreover, econometric problems like multicollinearity 

might disturb estimates. In addition, although probably less severe than with repeat-sales 

estimation, sample selection bias can still not be excluded a priori, as Zuehlke (1989) and 

Munneke and Slade (2000) show. 

More recently, spatial estimation techniques are used to mitigate the inefficiency caused 

by omitted variables, and to allow for space varying implicit attribute prices. Chapter 6 

provides a literature discussion of this technique, which will be applied in Chapters 7 and 

Although frequently applied to housing, hedonic regression has been applied to construct 

commercial real estate index series as well. Examples are Saderion, Smith and Smith 

(1994) and Munneke and Slade (2000). 

However, limited or costly data availability might prevent one from estimating hedonic 

real estate index series, especially for ver)' broad market coverage or very long time series. 

In these cases, it will often be impossible to obtain a complete set of quality variables. 

This is a very important reason to apply a repeat-sales regression instead of the hedonic 

methodology. 
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2.2 Repeat-sales indices 

A repeat-sales index is based on the price difference between repeated transactions of the 

same asset. If a property is sold at least twice within the sample period, and if it did not 

change in quality, the log price difference between two succeeding transactions is 

regressed on dummy variables. Since only the transaction prices and transaction 

moments are used for index estimation, a repeat-sales index does not suffer from the 

specification and variable selection problems encumbering the hedonic regression 

technique. In practice, the repeat-sales methodology is widely used as well. For example, 

the U.S. federal government (Office of Federal Housing Enterprise Oversight, OFHEO) 

constructs house price indices by means of so-called geometric weighted repeat-sales 

regression. 

The repeat-sales method was first proposed in the seminal study of Bailey, Muth and 

Nourse (1963). In contrast with hedonic regression, the functional form of the regression 

equation is not prone to discussion, except for potential inclusion of a constant. In 

almost all repeat-sales studies, logarithmic price differences are used. Bailey, Muth and 

Nourse used OLS to estimate Equation (2.4). 

(2.4) In 
(P, ^ 

P, 
v 

=EäA, + e, 

Estimates of parameters ßt are transformed into index numbers I, by 

(2.5) /( = 1 0 0 ^ 4 

Time indicators t, and t2 denote the moments of the first and succeeding sale, 

respectively, and Pt the respective prices. The log price differences are regressed on 

dummy variables Dt, which could be specified in a geometric or an arithmetic manner. In 

the geometric specification, dummies are zero, except for the moments of first and 

second sale, where dummies are -1 and +1, respectively. In the arithmetic specification, 

all dummies D t ] + l l through D t 2 j are one, and zero otherwise. Wang and Zorn (1997) 

argue that the arithmetic specification is the most appropriate alternative in a housing 

index context. Goetzmann (1992) suggests an ex-post adjustment to derive expected 

values of arithmetic means by 

(2.6) 7,=100exp[/?,+-<? 

The repeat-sales technology became popular since Case and Shiller (1989) modified the 

method of Bailey, Muth and Nourse. Case and Shiller showed that the variance of OLS-

residuals from Equation (2.4) rises with the time interval between sales, and proposed a 

weighted least squares approach to correct for this specific heteroskedasticity. Since the 
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original observations will be weighted with respect to the OLS regression, the index 

resulting from the Case-Shiller estimation is called a weighted repeat-sales index. This is 

the most common approach to repeat-sales index construction. 

The repeat-sales methodology received a lot of attention in academic publications, mostly 

concerned with biases arising from the specific calculation method and the data selection. 

One major source of bias results from the potential non-representativeness of the 

property sample. By definition, for any transaction-based index, only transacted 

properties are selected for index construction. Repeat-sales indices, however, only select 

properties that are sold at least twice. As a result, frequently transacted properties like 

'starter homes' will be overrepresented in the sample. Also properties bought because of 

speculation motives will sell after shorter holding periods with larger price increases, 

thereby distorting estimates. The likely resulting bias is studied by Case, Pollakowski and 

Wachter (1997), Gatzlaff and Haurm (1997) and Clapp and Giaccotto (1992b), amongst 

others. 

Repeat-sales indices generally have low frequency of observations relative to stock 

indices. This is caused by infrequent trading, but it poses a potential threat to the 

reliability of the regression estimates, arising from the temporal aggregation of 

observations. If the chosen time interval deviates from the 'correct' interval, the 

calculated index might erroneously include or exclude time information. Examples of 

studies concerning this bias are Englund, Quigley and Redfearn (1999), Geltner (1993b), 

and Dombrow, Knight and Sirmans (1997). 

Other distortions of regression estimates are likely if property attributes change over 

time, or if the property has been renovated in between two succeeding transactions. 

Amongst others, other research issues regarding repeat-sales indices concern the revision 

of previously estimated indices due to the availability of new information later in time 

(Clapp and Giaccotto, 1998), inclusion of a constant in the regression equation 

(Goetzmann and Spiegel (1995), Steele and Goy (1997), and Kuo (1997)), and methods 

for reliable estimation of separate sub-market indices (Goetzmann and Spiegel (1997), 

and Zabel (1999)). 

2.3 Hybrid indices 

The advantages of the repeat-sales index are the disadvantages of the hedonic approach, 

and vice versa. Both methods have desirable characteristics. Therefore, some 

comparative studies advocate a mixture of both approaches, like Quigley (1995), Clapp 

and Giaccotto (1998), Meese and Wallace (1997), and Case and Szymanoski (1995). 
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2.4 Summary and conclusions 

The abundance of literature has made clear that hedonic and repeat-sales indices are 

theoretically superior to simple mean or median indices In practice, the decision to opt 

for one specific constant-quality index method is likely to depend on data availability. If 

the constructed index will be used for performance measurement of portfolio managers, 

ex post adjustments of previously calculated indices might hamper a repeat-sales index 

from being used as a benchmark. 

Both hedonic and repeat-sales approaches arc used throughout this entire thesis. In 

Chapters 3 and 4, the repeated measures methodology is applied to construct the indices 

used. Since these index series concern hundreds of years, the motivation for selecting a 

repeat-sales approach will be obvious. In Chapters 6 through 8, the hedonic method is 

applied. However, in those chapters, the aim is not to construct a real estate index, but to 

study housing market externalities. Hedonic regression can be very useful for this 

purpose. Now the theoretical founding for these approaches has been outlined, it is really 

time to start using them. 





CHAPTER 3 

A Long-Run Repeated-Rent Index for 

Residential Property1 

The last 50 years have been among the most stable and prosperous in history. During 

this period, asset prices have generally shown strong growth trends, and house prices 

have been no exception. In most industrialized nations, house prices have multiplied, 

both in nominal and in real terms. However, historically, this period has been an 

exception, and since most empirical studies of asset and property performance focus only 

on this period, they are likely to produce an overrated picture of performance. Studying 

risk and return in the long run could yield quite different, and potentially more realistic, 

insights into real estate performance. 

Returns on financial assets consist of appreciation and cash flows resulting from the 

investment. For most investments in real estate, rental cash flows are known. 

Nevertheless, making a constant-quality rent index that accurately reflects the market 

rental value for a long period of time is not a trivial issue. To build such an index, we use 

a methodology developed for indices of real estate values: repeated-measures regression. 

Infrequent trading and asset heterogeneity make the construction of real estate value 

indices cumbersome. The quarterly median sales price index of the National Association 

of Realtors is a commonly used index of housing price fluctuations in the United States, 

and in the Netherlands, the Dutch Association of Real Estate Agents produces a widely 

quoted median sales price index. However, neither of these two index construction 

methods involves constant quality of the underlying assets. This implies that the indices 

may not measure house price changes correctly. The Dutch index, for example, shows 

stronger price appreciation in the second quarter than in the other quarters of the year, 

due to the fact that more expensive houses are sold in that quarter. Indices that deal with 

these constant-quality problems are hedonic indices, repeat-sales indices and hybrids of 

these two index types. 

A hedonic index results from regressing individual property prices on quality 

characteristics of the properties for each year of the data set, or for an entire sample 

period with use of time dummies. As mentioned before in Chapter 2, drawbacks of this 

1 This chapter is based on Eichholtz, P.M.A., and M.A.J. Theebe (2001a), "A Long-Run Repeated-Rent Index 
for Residential Property', working paper, University of Amsterdam, presented at the 1998 ERES/AREUEA 
conference in Maastricht. 
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method are the requirements to select a set of appropriate quality characteristics with the 

risk of wrongly omitting relevant variables and to specify the functional form of the 

relation between selling prices and characteristics, especially for the long run. However, 

this index construction method has been quite widely used. Recent examples are the 

hedonic indices of Case, Pollakowksi and Wachter (1997) for United States residential 

properties and the indices of Hoesli, Giaccotto and Favarger (1997) for apartment 

buildings and vacant land in Switzerland. 

Repeat-sales indices are more straightforward and require less stringent assumptions. 

These indices are constructed by looking at the repeated transaction prices of the same 

house. The repeat-sales index consists of weighted averages of the log changes of these 

repeated transaction prices, and is a generalization of the chain index.2 

The repeat-sales method was introduced by Bailey, Muth and Nourse (1963), and further 

developed by Case and Shiller (1989). Since the latter study, the repeat-sales method has 

been applied by a great number of authors. Some examples are indices of Clapp and 

Giaccotto (1992a), Goetzmann and Spiegel (1997) and Goy and Londerville (1997) for 

the United States, and Mahieu and Van Bussel (1997) for the Netherlands. 

The most important drawbacks of the repeat-sales index concern the fact that it only 

considers residences which are sold at least twice in the data period and which have 

constant quality during the interval between sales. Especially in the case of short data 

periods, this necessity causes an enormous waste of data and could lead to sample 

selection bias, since the composition of the set of selected properties might not be 

representative for the entire housing market stock. Case and Shiller (1989), for example, 

could only use 39,210 of the 952,606 transactions in their sample, which is about 4 

percent. Another possible source of bias is the temporal aggregation of transactions. 

The construction of constant-quality real estate price indices for the long run is 

hampered by data problems. Creating hedonic indices for long periods in history is 

impossible, simply due to lack of detailed data. Long-run repeat-sales indices are easier to 

produce, even though they require large data sets of transaction prices, which are scarce. 

Mahieu and Van Bussel (1997) created a repeat-sales index for the Netherlands, but only 

for 23 years. However, Eichholtz (1997) constructed a hybrid index for houses in 

Amsterdam, the Netherlands, starting in the year 1628. One advantage of studying longer 

time periods with repeat-sales indices is the diminishing data waste; for long periods, 

almost all transacted properties are likely to be sold at least twice. 

2 See Steele and Goy (1997). Apart from the calculation technique, a repeat-sales index and a chain index 
are quite similar. They both concern rental growth, instead of rent level, and they both chain these rent 
changes. The major difference is that the chain index calculates changes between any pair of succeeding 
rental cash flows, while the repeated-rent index concerns rent changes in between two rent revision 
moments. 
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Rents 
These index construction methods have less often been applied to rents, although 

construction of accurate market rent indices has to meet the same requirements. Just as 

with sales prices, using mean or median rent levels is subject to the changing quality of 

data set properties. Without correction, part of the rent changes reported by the resulting 

index is caused by changes in property quality over time. Moreover, not all due rents 

should be involved in construction of the market rent index, since the majority of due 

rent amounts is not representative for the current market situation. Ongoing rental cash 

flows do not reflect the actual current market, but the market situation at the moment of 

origination of the rent contract, possibly with anticipated growth for longer lease terms. 

Therefore, a rent index construction method should explicitly correct for differences in 

property quality and lease terms, or use rent changes instead of rent levels, and should 

take only those rental cash flows into consideration that recently have been adjusted to 

the market. 

Using rent changes instead of levels, Lesger (1986) constructed a chain index with annual 

residential rent figures for Amsterdam, from 1550 until 1850. Although a chain index is 

less sensitive to changes in property quality, it also uses cash flows that are not 

representative for the current market situation. As a result, a rental chain index suffers 

from a problem analogous to the smoothing of appraisal-based returns of commercial 

properties, since included observations still exhibit past market information. Moreover, 

true market adjustments are mingled with any other modifications occurring within a 

lease. Especially if no modifications occurred at all, as was common in history since lease 

contracts did not allow for annual indexation, true market adjustments appear weakened 

in the index. 

More appropriate ways to obtain a reliable rent index are a hedonic, a repeated-measures 

and a hybrid approach. Fisher, Webb and Mosbaugh (1996) developed a hedonic index 

of effective rents for office space, but this index concerns a recent and relatively short 

time period. Constructing a hedonic index for the very long run would be almost 

impossible, because of lack of historical information regarding quality variables. 

Hargreaves and Chen (2001) applied several index construction methods to residential 

rents, and found a hybrid method to be the preferred one. Since a hybrid approach also 

needs descriptive variables, it usually is not suited for long-run studies. To our 

knowledge, at the moment of the first presentation of the paper this chapter is based on, 

it was the first application of a repeated-measures technology to rents. 

The only practically feasible method to construct a long-run constant-quality market rent 

index is therefore the repeated-measures regression. We apply this procedure to the rent 

data used by Lesger (1986), and call the resulting index the repeated-rent index. We also 

construct a median index for these rents in order to obtain a rough verification of the 

reliability of the regression-based index. The construction and evaluation of the repeated-

rent index takes four more sections. In section 3.1 we explain the theoretical foundations 
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of the repeated-rent index and we describe the regression model. We also analyze 

whether property heterogeneity requires model adjustments or separate rent index series. 

Section 3.2 contains a rather elaborate description of the data we used, because of the 

uniqueness of the data set. In section 3.3, the characteristics of the nominal and real 

index series and the influence of inflation on residential rents are analyzed. Finally, in 

section 3.4 we summarize and analyze our results, and suggest ways for further research. 

3.1 Methodology 

As we stated before, a repeated-measures index is constructed by following prices or 

rents for the same property in time. Weighted averages are calculated for the observed 

price or rent changes. If the index is supposed to reflect the housing market, all used 

observations should represent the current market situation. However, not all annual cash 

flows in our data set represent market conditions if lease contracts without inflation 

indexation concern terms exceeding one year. Therefore, in case of applying the 

repeated-measures regression to rents, moments of lease origination should be known, 

since at these moments the due rents are adjusted to actual market. 

However, our data set does not provide certainty regarding the moment of contract 

renewal, we therefore infer these moments from the data. Since all rental cash flows are 

derived from lease contracts stored in registers, and rent indexation was still uncommon 

during our data period, we interpret each change in due rents for a property as an 

adjustment to the market, triggered by contract renewal. This means that, on an 

individual property level, we will discard annual observations that involve the same rental 

cash flow as the preceding year. If not, many paired rents would tell the repeated-rent 

index that the market did not change at those specific moments. This information would 

be mingled with true market changes, and would therefore smooth the index. Every 

assumed market-adjusted cash flow should be related to the assumed preceding market-

adjusted rent. In other words, the first year of a new contract should be related to the 

first year of the previous contract. 

Calculation of weighted average rent changes is performed by the standard repeated-

measures regression model (3.1). 

(3.1) In 
(RENT ^ 
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Time indicators t, and t„ indicate the moments of contract origination and the preceding 

contract origination, respectively. The log differences of the rental cash flows are 

regressed on a set of dummy variables, D,,. These dummies are defined as D t l = 1 if t= t„ 

D t l =-1 if t=t<„ and zero otherwise. Note that one of the columns of data matrix D has to 
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be eliminated because of multicollinearity reasons, otherwise each row would sum to 

zero. Estimations of parameters ß t are transformed into index numbers by 

(3.2) INDEX, = 100exp(/?,) 

The index represents expected values of geometric mean growth rates. However, as 

explained in Chapter 2, arithmetic means would be more appropriate to estimate real 

estate price changes. As suggested by Goetzmann (1992), an ex-post adjustment can 

derive expected values of arithmetic means by 

(3.3) INDEX, = 100 exp ß + | à] 

Deriving contract origination moments from the data set might introduce some errors. 

This might be explained by means of a simple example, in which a property is rented for 

100 in years 1 and 2, and for 110 in year 3. All rent amounts are market-adjusted and 

end-of-year dated. The actual market rent change would be 0 percent over the second 

year, and 10 percent over the third year. However, since our approach does not recognize 

the 100 of the second year as a market-adjusted rent, the 10 percent change will be 

distributed over both the second and third year, instead of solely the third year. This will 

bias the rent change estimate for the second year above zero, and the estimate for the 

third year closer to zero than the actual market change was. Because of this more gradual 

allocation of log changes, volatility of the estimated index series will be underestimated to 

some extent. We cannot control for this, but not using this approach will smooth the 

index to a much larger extent, as motivated before. 

Elimination of estimation bias 
Specific characteristics of a data set could introduce biases in a repeated-measures index, 

as argued before in Chapter 2. With applying this technique, these misrepresentations 

might result from changing property quality, sample selection bias, and temporal 

aggregation bias. For our specific data set, additional distortions might arise from 

'inflation risk bias' and from changes in currency units. Finally, the inefficiency caused by 

longer time intervals between paired observations should be analyzed, as suggested by 

Case and Shiller (1989). These potential distortions have to be examined before the 

actual repeated-rent index is estimated. 

If the composition of the data set with respect to property quality is not representative 

for the composition of the analyzed housing stock over time, it could introduce two 

different kinds of distortions. If this mismatch is non-systematic, it will add random 

errors to the estimated index if properties of different quality show different rents or rent 

changes. Although using changes instead of rent levels already eliminates this problem to 

a large extent, since changes will be more uniform across individual properties than 

levels, it might still be present. This could be easily determined by using paired t-tests, by 

testing whether average rent changes for different categories of property quality differ 
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significantly. We use the four categories constructed by Lesger (1986), the author of the 

publication used for our data set. He used relative rent levels as a proxy for property 

quality, with the three breaking points determined by representative properties. When 

comparing average rent changes per quality type, annualized rent changes should be used, 

to correct for systematic divergence in lease terms. If these average rent changes differ 

significantly, dummy variables could be added to Equation (3.1) to obtain a constant-

quality rent index. 

However, if this mismatch is systematic, it will cause sample selection bias. The index 

would not only measure market developments, but also changes in property quality. For 

owner-occupied dwellings, many studies found starter homes to be over-represented in 

data sets with paired transaction prices, or that two succeeding sales with relatively short 

periods in between often show above-average price increases. Sample selection bias with 

a rent index arises if lease terms for specific property types are systematically shorter, and 

if annualized rent changes vary per type. We will test for these differences for the four 

property qualities. 

When studying rents for 300 years, a rent index cannot be entirely constant-quality, due 

to the quality improvements caused by technological changes. However, this does not 

necessarily introduce a bias: as will be shown later in this chapter, rents corrected for 

inflation did not change systematically over three centuries. 

Another potential bias is caused by the risk perception landlords might have had during 

times of high inflation or deflation. During these periods, rent revision might be 

dependent on the term of the next rent contract. In case of inflation without indexation, 

the tenant receives inflation protection from a longer contract, such that landlords might 

charge larger revisions for longer lease terms during times of high inflation. With 

deflation, rent revision might be lower with longer lease terms, since the landlord faces 

less risk. We analyze this potential bias, which we will refer to as 'inflation risk bias', by 

means of a regression in which annualized rent revisions are regressed on a function of 

the new lease terms L: 

(3.4) _ J _ t o 
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Dummy variables D are used to distinguish between several inflationary conditions 

during the expiring rent contract. So, landlords are assumed to be able to forecast times 

of high inflation or deflation. Dummy D I N is set to 1 if the annualized actual inflation 

exceeded a threshold inflation level, DD I is 1 if deflation exceeded this level, and D O T is 1 

in other cases. Since the rent revision generally will be higher during periods with high 

inflation, we also include dummies to estimate separate constants. Otherwise, the 

parameters estimating the impact of the new lease term will also estimate part of the 

generally larger adjustment to inflation. A Wald test shows whether the estimates for 
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dependence on new lease terms differ significantly for different inflation regimes. 

Potential systematic differences causing this 'inflation risk bias' could be corrected for by 

means of adding dummy variables to Equation (3.1). 

Another bias possibly caused by repeated-measures regression is caused by the temporal 

aggregation of observations. Aggregation bias will cause smoothing of the estimated 

index, since variation in observations within a time interval will be averaged out. 

However, this source of bias is not present in our data set, due to a very specific reason. 

In Amsterdam, from about the year 1400 until the 20th century, rent contracts always 

expired on April 30th of the year stated in the contract. Therefore, all rent revisions are 

dated at May 1st, Migration Day, which by definition eliminates temporal aggregation 

bias. 

When using such a long time period, the risk of changes of currency unit exists. 

However, Amsterdam rent prices have been expressed in guilders since the year 1563. 

Only for the first 12 years of the data set, rent prices are translated from so-called 

Flemish pounds into guilders. Therefore, the currency issue will not cause any problem. 

Applying the weighted regression model proposed by Case and Shiller (1989) has become 

common practice with estimation of repeat-sales indices. These authors showed that the 

sampling variability of house price changes increases with the interval between sales, as 

factors other than market developments get increasingly likely to influence individual 

house prices. With respect to this, Calhoun (1996) referred to depreciation rates getting 

more likely to differ over longer time periods, just as the quality of neighborhoods. The 

need for a heteroskedasticity correction could be determined by regression (3.5), in which 

squared residuals of a regular repeat-sales regression are regressed on the time interval 

between the two relevant transactions. 

(3.5) ef=c + ß{tu-t0.)+vi 

If the estimated variable for time interval is significantly positive, both the dependent and 

independent variables used in Equation (3.1) should be divided by the root of the fitted 

values of Equation (3.5). Since the rationale for this weighted repeat-sales (WRS) 

regression also applies to rents, this modification might yield more efficient estimates. 

Reference index 
Since the repeated-rent index is a new method to describe rents over time, it should be 

compared to an index created by a more common method. Earlier in this chapter, we 

motivated why a chain index will not yield an accurate reflection of rental market 

developments. A mean and a median index do not control for constant-quality, and are 

therefore less appropriate references as well, unless they are based on rent changes. 

However, since our data set provides on average 23 rent revisions per year, a mean or 
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median index will be extremely volatile. Although still inappropriate, these three index 

types are used for comparison with the repeated-rent index. 

3.2 Data description 

Our data set is quite unique. Amsterdam is a relatively old city, with its origin dating from 

the year 1280, which allows us to construct an Amsterdam real estate index for the very 

long run. The data set we use for this is based on a publication of Lesger (1986), and 

provides rents for the 300 years in between 1550 and 1850. It consists of 48,571 annual 

rent amounts due for properties owned by the town of Amsterdam and by Amsterdam 

institutions of social service, like orphanages, poor-relief boards and hospitals. In effect, 

these were the precursors of the modern day institutional investors. 

Since the exploitation of residential properties was an important and fixed source of 

income for these institutions, the rents included in the data set are likely to represent 

market rents. This notion is confirmed by the existence of vacancy and additional claims 

in case of back rents. Moreover, the rents had not been controlled by the government, 

since the first interference of the Dutch government with rent prices only took place 

after 1914. 

To construct a rent index using a repeated-measures methodology, it is important that 

the quality of a residence is similar at both moments of the paired market rents. Since 

rent registrations of the institutions also contained detailed information about rebuilding 

and renovations, it is possible to deal with this. When such a quality change occurred, the 

property with the changed quality is considered as a new property, such that the rent 

difference caused by quality changes is not used for index estimation. This makes 

inclusion of a hedonic component in the regression equation to control for changing 

quality or use, as Eichholtz (1997) has done, redundant. 

The publication used for our data set contains series of annual rental cash flows for 1,055 

properties, with an average length of 46 years. Since these series are based on contracts 

derived from several archives, each change in a rent series is interpreted as a market-

based rent revision. In this way, 6,742 market rent observations are inferred from the 

data, of which 5,687 pairs could be formed. 

Table 3.1 specifies the number of observations over time. The data set contains 48,571 

rental cash flow observations, with an average of over 160 observations per year. The 

repeated-rent regression is based on 5,687 rent revisions. For this, on average, about 19 

rent revisions per year are selected for construction of the repeated-rent index. For over 

70 percent of all years, more than 10 revisions are available for index estimation, and for 
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half of all years over 15 revisions could be used. More details are shown in Tables 3.1 and 

3.2 and in Figure 3.1. 

Figure 3.1: Rent observations and selected rent changes. 
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Table 3.1: Distribution of observations over time. 

Total cash flows Rent revisions 

Period Total Average 
per year 

SD Total Average 
per year 

SD % of total 
cash flows 

1550-1575 2,158 83.0 11.4 322 12.4 10.4 14.9% 
15764600 1,779 71.2 20.2 528 21.1 13.1 29.7% 
1601-1625 4,592 183.7 40.9 645 25.8 12.8 14.0% 
1626-1650 4,146 165.8 35.8 558 22.3 11.9 13.5% 

1651-1675 4,005 160.2 14.1 504 20.2 9.0 12.6% 
1676-1700 4,673 186.9 16.0 543 21.7 9.1 11.6% 
1701-1725 4,262 170.5 7.9 339 13.6 6.1 8.0% 
1726-1750 4,392 175.4 10.6 420 16.9 8.5 9.6% 

1751-1775 4,749 190.0 21.3 365 14.6 12.5 7.7% 
1776-1800 5,372 214.9 4.4 339 13.6 9.6 6.3% 
1801-1825 4,900 196.0 23.3 860 34.4 20.9 17.6% 
1826-1850 3,543 141.7 13.7 264 10.6 6.0 7.5% 

1550-1850 48,571 161.4 46.9 5,687 18.9 13.0 11.7% 

Shown are the number of cash flow observations and the number of rent revisions per sub period. Also shown are average 

amounts of cash flows and rent revisions per year with standard deviations, and the number of revisions expressed as a 

percentage of the average number of cash flow observations. 

A large data set change occurred in the year 1603, since over 100 properties enter the 

data set for this year. Because of this change, the average number of observations rises 
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from 77 for the period before 1603, to 180 for the years thereafter. Although the city 

experienced a booming population and housing stock during this period, this data set 

increase is due to the inclusion of the registers of one large social institution. This major 

change will not influence the resulting rent index series much, since annualized rent 

changes for these new properties do not differ much from properties already present in 

the data set. As will be shown later, this change does not influence the resulting rent 

index. 

Table 3.2: Number of rent revisions per year for all 301 years in sample. 

Revisions Frequency Percentage Cumulative 
per year frequency percentage 

frequency 

0 1 0.3% 0.3% 
1-5 23 7.6% 8.0% 

6-10 62 20.6% 28.6% 
11-15 65 21.6% 50.2% 
16-20 49 16.3% 66.4% 

21-25 24 8.0% 74.4% 
26-30 27 9.0% 83.4% 
31-35 18 6.0% 89.4% 
36-40 12 4.0% 93.4% 

>40 20 6.6% 100.0% 

Table 3.3: Lease term frequency. 

Lease term Frequency Percentage Cumulative 
in year frequency percentage 

frequency 

1 946 16.6% 16.6% 
2 856 15.1% 31.7% 
3 745 13.1% 44.8% 
4 561 9.9% 54.7% 
5 412 7.2% 61.9% 

6-10 1,110 19.5% 81.4% 
11-15 484 8.5% 89.9% 
16-20 252 4.4% 94.4% 
21-25 124 2.2% 96.5% 

26-30 61 1.1% 97.6% 
31-40 86 1.5% 99.1% 
41-50 31 0.5% 99.7% 

>50 19 0.3% 100.0% 

With constructing a rent index by means of a repeated-measures method, only 14 percent 

of all observations are used. This does not mean the other 86 percent is wasted; those 

ongoing cash flows just do not provide relevant market information. The selection is 

smallest for the 18* century, since only 6 to 10 percent of all cash flows are used for the 

regression for this period. This is due to the high lease term average of in between 9 and 
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10 years, while the data set average is 6.7 years. However, the most common term is 1 

year. The majority of revisions occurred within 4 years, although 1 percent of the 

revisions took place after more than 40 years. Tables 3.3 and 3.4 and Figure 3.2 provide 

more details. 

Table 3.4: Lease term averages and standard 

deviations over time for 25-year periods.  

Period Average Standard 
lease term deviation 

1550-1575 5.1 2.1 
1576-1600 3.1 1.0 
1601-1625 6.7 2.1 
1626-1650 6.3 2.7 

1651-1675 7.5 2.7 
1676-1700 8.0 3.5 
1701-1725 8.9 3.2 
1726-1750 8.9 2.8 

1751-1775 10.3 5.3 
1776-1800 9.5 5.0 
1801-1825 4.6 1.7 
1826-1850 4.4 2.5 

1550-1850 6.7 7.8 

Lease terms are calculated as the time period between two rent revisions, although this 

might overestimate actual lease terms. In history, rental contracts could be renewed 

implicitly, especially for cheaper properties. If both the tenant and the homeowner did 

not show initiative at the end of the specified lease period, the tenant was allowed to use 

the accommodation for another year on the same conditions. Therefore, assumed lease 

terms might exceed explicitly agreed lease terms, which causes the potential index 

smoothing as described before. 

Figure 3.2 shows that the average time period for which rents did not change rises from 

on average 3 years in the beginning of the Golden Era, at the end of the 16" century, 

until 10 years shortly before the French period, at the end of the 18th century. In some 

eras with plague epidemics, lease terms declined, while years surrounding financial crises 

in the second half of the 18th century show high averages. After the year 1780, in which 

rents on average did not change for a period of about 20 years, average terms decrease 

systematically to less than 2 years in the crisis year 1811. Since the data set ends in 1850, 

the average time period between included pairs of rents gets shorter in the end. These are 

only some observations, firm conclusions and explanations require more extensive study. 



26 CHAPTER 3 

Figure 3.2: Average lease term, 

25 

1550 1600 1650 1700 1750 1800 

average lease term per year — 25-year average 

1850 

To compare rent changes with inflation, we used different sources for consumer prices, 

like Van Zanden (unpublished), Van Riel (forthcoming), the Central Bureau of Statistics 

(CBS) and the Netherlands Bureau for Central Policy Analysis (CPE). 

3.3 Results 

Potential bias analysis 
To obtain an index that provides the most accurate market description, all potential 

sources of bias should be analyzed. Earlier in this chapter, we referred to the impact of 

changing quality over time, sample selection bias, dependence on inflationary conditions, 

and heteroskedasticity caused by dependence on lease terms. As mentioned before, 

temporal aggregation bias and problems caused by changing currency units can be ruled 

out a priori. 

A repeated-rent index will be constant-quality only if properties of different quality do 

not show systematic differences in rent developments and lease terms. Whether this 

holds for our data set is analyzed by performing paired t-tests for differences in mean 

annualized rent changes and lease terms for four quality categories Lesger created. We 

refer to these categories as 'low quality', 'lower middle-class', 'upper middle-class', and 

'high quality'. Table 3.5 illustrates that most luxurious properties show significantly lower 

annualized rent changes if compared to the lower and upper middle class properties. 

However, this is primarily due to the fact that luxurious properties enter the data set only 

after the enormous booming period of just before the year 1600. If looked at the period 
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after this boom, the significance disappears. At the other hand, for the period after 1616, 

properties with the lowest quality show significantly negative differences in annualized 

rent changes. Therefore, we also estimated regression specifications with inclusion of a 

dummy variable indicating the most luxurious properties, and lowest-quality properties 

rented after the boom. 

Table 3.5: Testing for significant differences in annual rent changes for properties of different quality. 

1551-1850 1616-1850 
from 'low 'lower 'upper from 'low 'lower 'upper 

quality' middle middle quality' middle middle 
to class' class' to class' class' 

'lower mean diff -0.005 'lower mean diff -0.012 
middle t-value -1.287 middle t-value -3.074 
class' sign. 0.198 class' sign. 0.002 

'upper mean diff -0.008 -0.003 'upper mean diff -0.012 0.000 
middle t-value -1.773 -0.919 middle t-value -2.832 -0.144 
class' sign. 0.076 0.358 class' sign- 0.005 0.885 

'high mean diff 0.005 0.010 0.012 'high mean diff -0.011 0.001 0.001 
quality' t-value 1.056 3.949 4.178 quality' t-value -2.829 0.247 0.332 

sign. 0.291 0.000 0.000 sign. 0.005 0.805 0.740 

Read: 'column class' compared to 'row class': a negative mean difference indicates the quality mentioned in the column header 
has a lower average annual log rent change than the property quality mentioned in the row header. Besides mean differences in 
annual log changes, t-values and probabilities indicating significance are displayed as well. 

Table 3.6: Testing f or significant differences in lease 

terms for properties of different quality.  

Lease term 
from 'low 

quality' 
'lower 'upper 

middle middle 
class' class' 

'lower mean diff -0.947 
middle t-value -3.200 
class' sign. 0.001 

'upper mean diff 0.134 1.081 
middle t-value 0.443 4.353 
class' sign. 0.658 0.000 

'high mean diff -0.151 0.796 -0.285 
quality' t-value -0.424 2.553 -0.896 

sign. 0.672 0.011 0.370 

Read: 'column class' compared to 'row class': a negative mean difference 
indicates the quality mentioned in the column header has a shorter 
average lease term than the property- quality mentioned in the row 
header. Besides mean differences in lease terms, t-values and 
probabilities indicating significance are displayed as well. 
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Since differences in rent changes are significant, sample selection bias might be present if 

properties are systematically over- or underrepresented in the data set. Since the exact 

historical composition of the housing stock is unknown, differences in assumed lease 

terms are tested. As specified in Table 3.6, lower middle-class rental properties have 

somewhat longer lease terms than properties of a different quality. The average term for 

this property type is 7.3 years, while lower quality, upper middle-class and higher quality 

rental units have averages of respectively 6.3, 6.2 and 6.5 years. However, since lower 

middle-class properties do not show systematic differences in rent development, we do 

not include an additional dummy to correct for sample selection bias. 

Another potential bias might be attributable to inflationary conditions. During times of 

high inflation, landlords might charge a larger revision for longer new lease terms. This 

bias is analyzed by Equation (3.4), in which annualized rent changes for individual 

properties are regressed on dummy variables. Table 3.7 shows results for this regression 

in which annualized actual inflation thresholds of 2.5 and 7.5 percent are used to 

construct the dummies. During times with high inflation, rent revisions were larger 

regardless the lease term, as indicated by significant estimates for am. Revisions moved 

with inflation, since this parameter is higher for the 7.5% inflation threshold than for the 

2.5% threshold. However, lease terms did not seem to be of any influence for rent 

revisions during inflationary periods, since A.IN is insignificant. Remarkably, only during 

monetary stable periods, lease terms did matter. Nevertheless, Wald-tests for paired 

parameters indicate that the estimates do not differ significantly from each other. 

Therefore, 'inflation risk bias' is not relevant for our repeated-rent index. 

Table 3.7: Testing for 'inflation risk bias'. 

Infla Par ameters 

Constant 

Regress ion results Wald test 
tion 

ameters 

Constant 

Estimate 

-0.002 

• SD 

0.002 

t-value 

-0.886 

Prob. 

0.376 

Ho X2 Prob. 

2.5% a 

ameters 

Constant 

Estimate 

-0.002 

• SD 

0.002 

t-value 

-0.886 

Prob. 

0.376 

Ho X2 

am Constant inflation 0.019 0.004 4.451 0.000 

aDE Constant deflation -0.001 0.005 -0.108 0.914 

r Impact next term, inflation 0.000 0.000 0.032 0.975 Am=ADE 1.700 0.192 

ADE Impact next term, deflation 0.001 0.000 1.902 0.057 X'N = X0T 1.020 0.313 

A0T Impact next term, other 0.001 0.000 2.316 0.021 ADE = A0T 0.397 0.529 

7.5% a Constant -0.001 0.002 -0.537 0.591 

a'N Constant inflation 0.045 0.006 7.337 0.000 

aDE Constant deflation -0.015 0.008 -1.802 0.072 

Am Impact next term, -0.000 0.001 -0.481 0.630 Am = ADE 0.063 0.802 

ADE Impact next term, deflation -0.000 0.001 -0.093 0.926 Am=AOT 1.276 0.259 

A0T Impact next term, 3ther 0.001 0.000 3.076 0.002 ADE = A0T 0.468 0.494 

Tested êquatu m is 1 J RENT, 

/ , - / , \RENT, 
— \ = a + a <«Dm+ aDE A M + A " D!"L + A DCD;xL + ?T'DmL + e 
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A final test concerning specification requirements for the repeated-rent regression 

equation concerns the potential heteroskedasticity caused by the dependence of error 

terms on the time interval between two paired prices, as suggested by Case and Shiller 

(1989). After estimating a standard repeated-rent index, we estimated Equation (3.5) to 

test for the need of correction. Results for this standard regression are shown later in this 

section. Case and Shiller suggested a positive relationship between squared residuals and 

time interval, but we find an insignificantly negative impact of time interval. Apparently, 

individual long-run changes are a bit more similar than short-run changes. Moreover, the 

impact of rising neighborhood heterogeneity over time might be less relevant for the 

relatively small area of historical Amsterdam. Therefore, the rationale for applying a 

Case-Shiller weighted repeat-sales estimation is not present. 

Summarizing, we tested for the need of alternative specifications of Equation (3.1). We 

found that the inclusion of dummy variables for properties with of the highest and 

lowest quality might correct for the impact of changing property quality. Temporal 

aggregation bias, sample selection bias and 'inflation risk bias' will not be present in the 

estimated rent index. All concerns about biases and heteroskedasticity finally appear to 

be unneeded in our specific case, but it is important that sources of potential distortion 

are analyzed. 

Index estimation 
In the remainder of this section, we derive the repeated-rent housing index for 

Amsterdam for the period 1550 through 1850. For verification, this index will be 

compared to indices describing rental cash flows, with respect to the relative positions 

and volatility. Also the relationship between the residential rent series and inflation will 

be analyzed. Finally, the development of Amsterdam rents will be discussed in real terms. 

To find the most appropriate repeated-rent index, we estimated Equation (3.1) as well 

with addition of a dummy variable for properties with the highest quality, and for 

properties with the lowest quality if rented after the year 1616. Table 3.8 shows 

regression performance statistics for these different specifications, and Table 3.9 exhibits 

averages and standard deviations of log changes of the resulting indices. Performance 

improvements by the alternative specifications appear to be very small, just as differences 

between log index changes. Linear correlation coefficients between log changes of these 

four index series are all between 0.9999 and 1. Hence, adding dummy variables to the 

standard regression to control for constant quality is not very useful in terms of 

regression performance, and does not alter the resulting indices very much. Therefore, 

we continue our analysis with the index estimated by means of the standard regression. 

Because of the very small difference between log changes of geometric and arithmetic 

indices, we make use of the unadjusted transformation of regression estimates to obtain a 

repeated-rent index, as described by Equation (3.2). 
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Table 3.8: Regression performance statistics. 

Regression R2 Adj. R2 SE(est) F Sig. RSS 

Standard regression 0.418 0.386 0.137 12.92 0.000 100.52 
With dummy high quality 0.419 0.387 0.137 12.90 0.000 100.43 
With dummy low quality 0.418 0.386 0.137 12.87 0.000 100.52 
With dummies high and low quality 0.419 0.386 0.137 12.86 0.000 100.43 

In Figure 3.3 we depict the estimated repeated-rent index for Amsterdam, for the period 

1550-1850, which is provided in numerical terms in the Appendix. The index is plotted 

within a 95-percent confidence interval. The increase of inaccuracy over time is not as 

worse as it appears from the figure, since the interval width is a function of both 

standard deviation and the estimation itself5. 

Table 3.9: Characteristics of log changes (x 100). 

Regression Geometric Arithmetic 
average SD average SD 

Standard regression 0.648 5.513 0.650 5.512 
With dummy high quality 0.658 5.513 0.659 5.512 
With dummy low quality 0.648 5.513 0.648 5.517 
With dummies high and low quality 0.658 5.514 0.660 5.513 

The Amsterdam rental housing market 
Within the 300 years covered by the index, there are long time periods that have had 

widely different rent developments. Decades of continuous large rent growth have been 

succeeded by decades of almost constant or even decreasing rents. During the 100 years 

after 1575, the index oscillates around a steeply rising trend towards values that are more 

than six times as high as the initial values. In these years, Amsterdam experienced a 

strong boom period, both in terms of population and welfare. The prime role in 

international trade Amsterdam had during the so-called 'Golden Era ' attracted many new 

citizens, leading to a huge housing supply shortage, followed by large town expansions. 

After this economic boom period, the index still increases, but at a slower pace. Market 

rents in Amsterdam have been highest in the late eighteenth century. In the period 

shortly before 1800, when Amsterdam was occupied by the French, rents showed a 

strong drop, aggravated by the enormous recession that followed. 

Nowadays, because of the common adjustment of rents to inflation, one might expect 

residential rents to be positively related to consumer prices. However, for most periods 

except for the turbulent last 25 years of the 16th century, the correlation coefficients 

3 Both estimate ß and standard deviation o rise over time, although a expressed as a percentage of ß does 
not change much over time. The difference between the upper bound of the confidence interval and the 
index is equal to exp(ß+1.96a)-exp(ß), which can be rewritten as exp(ß)-[exp(1.96a)-l]. This difference rises 
with both ß and a. The percentage difference is equal to exp(1.96a)-l, which rises only with a. 
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between rent changes and inflation during the same year are insignificant. Table 3.11 and 

Figure 3.4 provide more information on the relationship between rents and inflation. 

After a sharp peak round the year 1570, consumer prices doubled within the last 25 years 

of the 16th century while rent prices more than tripled, resulting in a sharp rise in real 

rents for these years. Due to a slowly rising trend in nominal rents and an inflation rate 

of around zero, real rents increased further at a slow pace until 1750. The sharp nominal 

rent decreases in the Napoleon period and increasing inflation caused real rents to halve 

within 25 years. After a modest recovery, rents corrected for inflation end in 1850 at the 

same level as 300 years before. The impact of inflation on real estate is studied more 

extensively in Chapter 5. 

Figure 3.3: Kepeated-Ksnt Index for Amsterdam, 1550-1850, within 95% confidence interval. 
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Figure 3.4: Rspeated-Rent Index in real terms. 
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Verification 
To compare the characteristics of this Repeated-Rent Index with other indices, we 

calculate a constant-quality Chain Index as well, just as Mean and Median Cash Flow 

Indices. Using only market-adjusted rents to construct a mean or median index yields 

extremely volatile and therefore useless results4. To illustrate that the repeated-measures 

methodology applied to rents produces a sensible rent index, we show in Figure 3.5 how 

the Repeated-Rent Index develops relative to a Mean Cash Flow Index. Detailed 

characteristics of all reference series are given in Table 3.10. Log index change statistics 

are multiplied by 100, such that they can be regarded as approximations of percentage 

changes. 

Figure 3.5: Repeated-Rent Index versus Mean Cash Flow Index. 
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Although the average changes of the four rent indices series are quite similar if calculated 

over the entire data period, short-run developments could deviate to a large extent. Even 

the signs of average rent changes can be different for some sub-periods. Over all 300 

years, the annual Repeated-Rent Index change is equal to the average annual inflation, 

while especially the non-quality series indicate a small rise in real rents. Similarities 

between the four indices are stronger for more extreme periods, like the booms before 

1600 and 1650. The Repeated-Rent Index is more volatile than the Chain Index, but as 

argued before, a chain index will be too smooth. The volatility of the Repeated-Rent 

Index is between the volatility of the Mean and Median Cash Flow indices, although not 

for every sub-period. 

4 Although showing similar average log changes compared to the alternatives that use all cash flows instead 
of changed cash flows, standard deviations are now 0.37 and 0.57 instead of 0.04 and 0.07, respectively for 
the mean and median index. 
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Table 3.10: Averages and standard deviations of nominal log changes. 

Average log changes Standard deviations of log changes 

( x 100) ( x 100) 
RRI Chain Mean Median CPI RRI Chain Mean Median CPI 

Index CF 
Index 

CF 
Index 

Index CF 
Index 

CF 
Index 

15504850 0.65 0.72 0.76 0.77 0.65 5.51 2.78 4.57 7.11 9.58 

1551-1575 0.47 1.13 0.29 0.00 3.01 9.86 5.22 7.04 7.53 19.26 

1576-1600 5.17 4.88 6.10 7.56 2.22 9.78 5.24 8.39 13.31 10.00 

1601-1625 0.69 0.82 1.12 -0.08 0.88 3.76 1.12 4.48 6.57 7.26 

1626-1650 1.05 1.16 2.27 2.53 1.33 2.94 1.26 4.20 6.66 8.14 

1651-1675 -0.27 0.04 -0.25 -0.25 -0.29 3.64 1.29 2.17 3.40 8.07 

1676-1700 0.41 0.08 0.02 -0.18 -0.12 2.98 0.74 1.57 2.86 6.53 

1701-1725 0.64 0.40 0.31 0.35 -0.12 3.02 0.65 1.15 4.75 9.45 

1726-1750 -0.47 -0.12 -0.11 0.16 -0.07 3.78 0.97 1.48 6.67 6.19 

1751-1775 0.75 0.55 0.13 -0.51 0.41 2.86 0.83 3.02 5.77 8.96 

1776-1800 -0.75 -0.17 0.35 0.89 1.57 3.95 0.91 1.64 2.73 9.20 

1801-1825 0.28 -0.49 -1.18 -1.08 -1.14 7.01 3.30 5.80 9.46 7.18 

1826-1850 -0.18 0.37 0.02 -0.20 0.23 4.21 0.67 2.36 5.41 7.72 

Table 3.11: Correlation between changes in Repeated-Rent Index and other rent index series, and 

Period Repeated-Rent Index Consumer Price Index 

Chain Mean Median Consu Repea Chain Mean Median 
Index Rental Rental mer ted Index Rental Rental 

Cash Cash Price Rent Cash Cash 
Flow Flow Index Index Flow Flow 
Index Index Index Index 

1550-1850 0 .52" 0.45"* 0.40*" 0.05 0.05 0.11* 0.07 0.07 

1551-1575 0.44" 0.41" 0.34* -0.05 -0.05 0.13 0.06 0.02 

1576-1600 0.59"* 0.48" 0.56*** 0.43" 0.43** 0.23 0.26 0.40" 

1601-1625 0.32 0.49" 0.62"* -0.03 -0.03 0.14 -0.28 -0.27 

1626-1650 0.27 -0.14 -0.20 0.05 0.05 -0.35* 0.07 -0.02 

1651-1675 0.52*" 0.50** -0.08 0.01 0.01 0.19 0.03 -0.03 

1676-1700 0.22 0.02 0.06 0.20 0.20 0.10 0.09 -0.08 

1701-1725 0.05 0.20 0.13 -0.19 -0.19 0.08 0.03 -0.07 

1726-1750 0.35* 0.16 0.15 0.18 0.18 0.12 0.02 -0.05 

1751-1775 0.24 0.13 -0.18 -0.09 -0.09 -0.03 -0.01 0.13 

1776-1800 0.47** 0.40" -0.14 -0.20 -0.20 -0.11 0.11 -0.08 

1801-1825 0.63*** 0.69*** 0.71"* -0.13 -0.13 -0.09 -0.04 0.07 

1826-1850 0.03 -0.06 -0.01 0.08 0.08 0.12 -0.01 0.04 

* and* indicate significance at respectively a 1%, 5% and 10% level. 

The similarity between the Repeated-Rent Index and the cash flow series can be analyzed 

by computing linear correlation coefficients between the logarithmic changes of the 

series for all periods. As is shown in Table 3.11, the similarity between the series is largest 

for the periods 1551-1625 and 1776-1825, which are years with continuous large rent 

increases or decreases. Moreover, during these periods, average lease terms are shortest. 
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With shorter lease terms, cash flows are adjusted more frequendy to the market, which 

might attribute to the larger similarity between the market index and the cash flow 

indices as well. For less turbulent years, the correlation coefficients between the 

Repeated-Rent Index and the other rent indices are no longer significant. 

While using less than 15 percent of all observations, the repeated-measures methodology 

is able to produce an index that is not really more volatile than indices based on all cash 

flows. Besides being the only market rent index, the Repeated-Rent Index is a constant-

quality index, while mean or median indices are not. Based on these arguments, we 

conclude that the Repeated-Rent index provides the most accurate description of the 

rental housing market. 

3.4 Summary and conclusions 

In this chapter, we present a constant-quality rent index for Dutch residential property 

for the period between 1550 and 1850. To construct such an index, we use the repeated-

measures regression method, which was originally developed to estimate the unknown 

appreciation component of real estate returns. Since we apply this method to rents, we 

call the resulting index a repeated-rent index. 

The specific characteristics of the data we use meet most important drawbacks of this 

index construction method. All rent changes concern residences that have remained 

more or less constant in quality. Because of the fixed expiration dates of Amsterdam rent 

contracts, the repeated-rent index does not suffer from temporal aggregation bias. 

Sample selection bias, caused by systematic differences in annualized rent revisions and 

lease terms, appears to produce negligibly small differences in estimated indices. 

Our repeated-rent regression only considers changes in rents. We also constructed a 

mean, a median and a chain index for verification purposes, which are based on all rental 

cash flows. While using less than 15 percent of all observations, the repeated-measures 

methodology is able to produce an index that is not really more volatile than indices 

based on all cash flows. A median index solely based on adjusted rents would be a better 

alternative to the repeated-rent index, but such an index would require a larger number 

of rent observations per year than our data set provides. 

The repeated-rent index roughly describes the same pattern as the verification index 

series. In periods with large rent changes, the similarity between the market rent index 

and the cash flow indices is relatively strong, due to the steep trend for these sub-periods. 

The shorter lease terms that were common for these periods might also contribute to the 

larger similarity, since rental contracts will be adjusted more frequendy to the market. 
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According to the index, the development of residential rents over time is quite volatile. 

Decades of continuous large growth have been succeeded by decades of almost constant 

or even decreasing rents. Rent volatility has shown remarkable differences over time. 

Therefore, the focus of modern real estate research on the most recent and very 

prosperous decades probably yields an overly optimistic view on real estate performance. 

We also conclude that for our data set, rents seem to be rather independent on consumer 

price developments in the short run. In the long run, rent prices corrected for inflation 

show moderate trends, but end after 300 years at the level of 1550. 

In the next chapter, we use the index for an extensive analysis of the development of 

residential rents and prices, to study housing market risks in the long run. 
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Appendix 

Appendix Table 3.A.1: Repeated-Rent Index for 1550-1850, nominal and real, year 1600=100. 

N O m R e a ' N o m R e a l Nom Real Nom Real Nom Real 
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CHAPTER 4 

Historical Housing Market Risk1 

Those who do not study history are wont to repeat it. That is why we analyze historical 

housing market developments. As house prices move much more gradually than prices 

of most other assets, it requires quite a long history to get good insight into this market. 

Many real estate market indices do not go back very far in time, since the required 

information is not present or too sparse. In Chapter 3 we proposed and applied a 

methodology to construct an index series representing the rental housing market with 

historical rent information. We showed that, if a data set provides relatively sparse 

information, a repeated-measures approach applied to residential rents yielded a relatively 

stable index, compared to more common indicators as median indices. Moreover, we 

argued that the resulting index reflects the development in the rental-housing segment 

more accurately. 

With this long-run market rent index for Amsterdam and the long-run house price index 

Eichholtz (1997) developed for the same city, it is possible to do a longitudinal study of 

both components of real estate returns. To obtain more insight in the working of the 

housing market, we study how it develops relative to the general economy, and 

specifically during specific major events. Does investment in housing protect one's 

capital from influences that affect the general economy? 

We therefore study rents and house prices for a number of centuries, and relate these 

series to economic conditions as measured by G D P , inflation and interest rates. The 

focus will be on behavior of these series during specific major socio-economic and 

political events. 

4.1 Methodology 

The impact of major events on the general economy, financial markets and asset markets 

has been subject to analysis in numerous studies. For example, Hamilton (1977) found 

that inflation in wartime usually exceeded regular inflation, and Hueckel (1973) analyzed 

the impact of the Napoleonic Wars on factor returns and output growth in England. 

This chapter is based on Eichholtz, P.M.A. and M.A.J. Theebe (2001b), "Historica/Housing Market Risk", 
working paper, University of Amsterdam, presented at the 1999 AREUEA conference in New York. 
Summarizing Dutch versions are published in Eichholtz and Theebe (2000, 1999a, 1999b). 
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Another example is a study by Wickens (1956), who described the development of prices 

of commodities, properties, stocks and bonds during events in the first half of the 20th 

century. Explicit focus on financial markets during major events is provided by Mei 

(1999), amongst others. This author found that most examined financial crises in 

emerging markets happened during periods of political election and transition. 

Bittlmgmayer (1998) showed how political events influenced German stock prices in 

between 1880 and 1940, and Willard cs (1996) studied asset prices at turning points in the 

US Civil War. Bean (1947) found an inverse correspondence between the development 

of wholesale prices and industrial stock prices during the two world wars. 

Events and the impact on real estate markets are examined by Clay (1974), amongst 

others. Clay studied events that caused turning points in land prices in the seventeenth 

and eighteenth century. Chou and Shih (1995) explicitly referred to upheavals in Hong 

Kong property prices produced by disturbances from political events, while Eichholtz 

(1997) related major changes in his property price index to events that affected the local 

economy. 

These and various other studies found that events like wars, changes in monetary or 

other policy regimes and technological innovation, amongst others, had impacts on the 

various segments of the economy. To test whether the event impact is significant, 

dummy variables reflecting the occurrence of an event could be added to a regression 

equation, in which changes in for example industrial production or stock returns are 

regressed on a set of explanatory variables. If the parameter for the event-dummy is 

significantly different from zero, the event is assumed to have a significant impact on the 

studied market. More explanatory variables could be added to the regression equation, to 

estimate the pure impact of the events. For example, Mei (1999) added economic and 

financial variables to control for differences in economic conditions when examining the 

impact of political election on financial crises. However, instead of specifying a list of 

events a priori, development of data series could be used to identify turning points, as 

performed by Willard et al (1996). 

Housing and the economy 

The relationship between economic conditions and real estate has been shown by many 

academic studies, like England and Ioannides (1997). This dependence was very strong 

for historic Amsterdam, because of the prominent role of trade. In the 17th century, the 

so-called 'Golden Era', the city experienced a very prosperous time due to its leading role 

in international trade. This made real estate prices vulnerable to trade-disrupting wars, 

which were rather regular phenomena during these years. Lesger (1986) showed that the 

income of many Amsterdam citizens was directly or indirectly dependent on trading 

activity, such that wars caused a decline of many real incomes. During these less 

flourishing times, housing supply increased, since emigration, sub-letting and splitting of 

accommodations became more common. Unfavorable economic prospects reduced the 

demand for housing, because of stagnated immigration, postponed marriages, and other 



HISTORICAL HOUSING MARKET RISK 39 

factors reducing the number of new households. By laws of economics, higher supply 

and lower demand would have had a downward impact on residential rents. After a war, 

the rent level recovered by means of opposite developments. Although the majority of 

the population rented their house, these developments can be expected from property 

sales prices for the same reasons. 

The similarity between changes in economic activity and changes of the residential rent 

index created in Chapter 3 is shown in Figure 4.1. These series are described in more 

detail in the next section. Clearly visible is the steeply rising trend in both series in 

between 1630 and 1650, and the common sharp drops around 1650, 1665 and 1670. 

• Rent changes and business cycle during the 'Golden Era'. 

60 
1600 

— residential rents 
international trade activity 

1610 1620 1630 1640 1650 1660 1670 1680 1690 
year 

0 
1700 

This relationship especially holds for years before 1750, since before this year, 

international trade dominated the Amsterdam economy. After this year, Amsterdam 

gradually changed from an international trade center into a financial center. Therefore, 

instead of wars, major housing market shocks might have been caused by financial crises. 

In addition to wars and financial crises, other events like plague epidemics, famines, and 

war endings might have been important to the housing market as well. 

Residential property price index 
Besides income from residential rents, real estate returns also consist of a capital 

component. To analyze the development of property sales prices, a historical house price 

index is needed. While all other data series used in this chapter are obtained from 

external sources, this property price index has to be constructed. We estimate an annual 

index with the same data Eichholtz (1997) used to estimate a biennial index for 
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transaction prices of Amsterdam owner-occupied dwellings in between 1628 and 1973. 

Since all other data series are on an annual base, an annualized property price index 

allows for a more informative comparison than the biennial version. We apply a hedonic 

repeat-sales approach, and delete the first 21 data years because of sparse data. The 

parameters for the index are estimated by means of the following regression: 

( 
(4.1) In l Ä A , + £; 

V 

To avoid near-singularity, dummy variables D are determined as D t l = 1 if t0<t<t]. For 

example, if property 'i'is sold in 1710 and 1720, respectively, the dummies D1711l through 

Di72o,i will be one, other dummy variables are zero. Usage of dummies with value minus 

and plus one, for the moments of first and second sale, respectively, would yield many 

regression matrix columns containing just zeros, leading to omitted price index numbers 

for some years. The arithmetic approach applied for this chapter performs a form of 

interpolation for these otherwise missing index numbers. In contrast to Eichholtz' hybrid 

index, which corrects property prices for office use, we eliminate all properties that 

changed to or from office use, just as all properties that changed in size. The index value 

for year T is calculated by the transformation of the estimated parameters: 

(4.2) INDEX\ = 100 • exp £ ß, 
V=1649 

This annualized version and the biennial Herengracht Index show very similar average log 

returns, for both the entire period as well as all sub periods. However, since the number 

of estimated parameters is roughly doubled while the number of observations remains 

the same, standard deviations of the annual index are somewhat larger. This requires 

larger annual price index changes in order to produce significant parameters in the next 

event studies. 

Event studies 
We analyze changes in real estate series and other indicators during events by means of 

regression. In regression Equation (4., the percentage changes of various series are 

regressed on a constant and a set of binary dummy variables. The dummies are zero, 

except for the year preceding the event, the year of the event itself, and the five years 

following the event. The exact years the events occurred are obtained from historical 

documents. 

INDEX, -INDEX, . * 
4.3 '- 1± =c + Y<p,D„,+£, 

INDEX, _, ,ét 

If this regression is applied to residential rents and war eruptions, (pj estimates the rent 

change for the i'h year after the year of war eruption. For example, a significant estimate 

for the parameter (p0 indicates that rent changes for years in which wars erupted are 
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significantly different from rent changes in other years. Only in this way, we are able to 

distinguish between rent or house price changes caused by regression noise, and changes 

that are large enough to assume that they are caused by housing market conditions. The 

real estate index series include noise, since the series are estimated by a repeated-

measures regression. The constant is added to Equation (4.3), since otherwise the 

regression would test for changes that are significantly different from zero. We are 

interested in changes different from regular changes, which are not zero on average. 

Unlike some other studies that estimate the asset price impact of specific events, like Mei 

(1999), we do not add economic indicators to the right-hand side of the equation. Adding 

these additional explanatory variables would yield an estimate of the pure impact of the 

event, filtering for changes in the dependent variable that are caused by other factors. 

However, we do not want to explain the pure event impact, but are interested in how the 

housing market behaves relative to general economic developments. Therefore, no 

variables are added to Equation (4.3). Besides these event studies, formal tests for long-

run relationships between the housing market and the economy are performed by 

Johansen's test for cointegration. 

4.2 Data description 

The data used in this chapter is rather special, since it covers ten economic series and a 

time span of almost 450 years in between 1550 and 1998. Although just one series covers 

the full time span, the other series still cover over 240 years, on average. 

The series could be separated into three categories, as shown in Table 4.1. The first class 

of series contains business cycle series. N o continuous cycle series is available for 450 

years, such that we use four cycle indicators for a successive coverage of the entire time 

span. Current cycle descriptors like gross domestic product only exist since about one 

century, and have to be approximated by means of other quantities for periods further 

back in time. The business cycle of the most recent century is reflected by the Dutch Net 

National Income, as provided by the Central Bureau of Statistics, while the historians 

Smits et al (2000) reconstructed gross national income of the 19th century for the 

Western Netherlands. For years further back in history, cycle developments are 

approximated by taxes on construction materials used for residential and commercial 

properties in the western Netherlands (18th century), and by Amsterdam duties on 

imports and export (17th century). 

Historical data series are rather scarce, such that these four series are the best of all 

available alternatives. Moreover, we consider the series as representative for the 

Amsterdam economic situation. During the 17th century, Amsterdam was heavily 

dependent on international trade, which was occasionally disturbed by wars. Duties on 
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imports and exports are therefore very useful as indicator for Amsterdam economic 

conditions. This also applies to the construction taxes series. As building permits are 

nowadays regarded as leading cycle indicators, and spending on home remodeling tends 

to track the general business cycle, taxes paid on actually used construction materials will 

be representative for business cycle developments. This is confirmed by the significant 

correlation between this and the preceding cycle indicator for overlapping years, as 

shown in Table 4.3. As far as the two most recent indicators concern, gross or net 

domestic product are currently the most widely used economic indicators. Correlation 

between overlapping changes of these two series is large as well. The series differ with 

respect to geographical areas, but differences between the local Amsterdam economy and 

the economy of the entire region currently known as the Netherlands are likely to 

become less over time. Nowadays, the Amsterdam economy is well diversified, with 

somewhat more financial services and less industry as major differences from the 

national economy. 

Table 4.1: Data series description. 

Serie Description 

Business cycle indicators 

International trade 
activity 

Construction 
activity 

Amsterdam duty on imports and exports 
for trade and shipping industry 

Taxes paid on construction materials 
used for constructing and renovating 
residential and commercial properties in 
Western Netherlands 

Gross National 
Income 

Net National 
Income 

Gross National Income, Netherlands 

Net National Income, Netherlands 

Other economic series 

CPI 

Interest rate 

Wages 

Consumer Price Index for Western 
Netherlands 

Short banking rate 

Wages in Western Netherlands 

Abbreviated Time Obs. 
name period 

DUTY 1624- 87 
1715 

CONSTR 1650-
1805 

154 

GNI 1807-
1913 

107 

NNI 1900-
1998 

99 

CPI 1550-
1998 

449 

INTEREST 1723- 274 
1998 

WAGE 1550- 270 
1820 

Real estate series 

Market rents 

Property prices 

Residential market rents for Amsterdam 
properties 

Development of prices of properties 
along Amsterdam 'Herengracht - canal 

RENTRRI 1550- 301 
1850 

SALES 1649- 350 
1998 
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Table 4.2: Data series characteristics: average percentage changes, standard deviations, and observations. 

Business cycle indicators Other economic Real estate series 
series 

DUTY CON GNI NNI CPI INTE WAGE RENT SALES 
STR REST 

Total data period 

1550- Mean 2.6% 0.5% 1.6% 3.9% 0.6% 0.8% 3.0% 
1998 Sd 25.0% 13.1% 9.4% 1.4% 1.1% 5.5% 20.6% 

(n) (83) (152) (0) (0) (448) (274) (269) (300) (349) 

Sub periods 

1550- Mean 3.8% 2.1% 3.3% 
1600 Sd 15.0% 1.6% 9.8% 

(n) (0) (0) (0) (0) (50) (0) (50) (50) (0) 

1601- Mean 0.8% 1.4% 0.7% 0.8% 12.7% 
1650 Sd 12.5% 7.8% 0.8% 3.0% 

(n) (18) (0) (0) (0) (50) (0) (50) (50) (1) 

1651- Mean 3.6% 1.0% 0.0% 0.1% 0.2% 3.1% 
1700 Sd 28.1% 19.6% 8.0% 0.4% 3.8% 27.3% 

(„) (50) (50) (0) (0) (50) (0) (50) (50) (50) 

1701- Mean 1.4% -0.2% 0.2% 4.6% 0.0% 0.1% 1.2% 
1750 Sd 26.7% 7.9% 8.7% 0.5% 0.3% 3.4% 14.8% 

(n) (15) (47) (0) (0) (50) (27) (50) (50) (50) 

1751- Mean 0.3% 1.4% 3.9% 0.0% 0.1% 0.7% 
1800 Sd 9.0% 9.1% 1.4% 0.1% 3.5% 14.6% 

(n) (0) (50) (0) (0) (50) (50) (50) (50) (50) 

1801- Mean 4.5% 0.7% -0.2% 3.2% 0.1% 0.2% 1.7% 
1850 Sd 7.0% 8.0% 7.4% 0.9% 0.2% 5.7% 20.8% 

(n) (0) (5) (43) (0) (50) (49) (19) (50) (50) 

1851- Mean 2.5% 0.4% 3.6% 2.1% 
1900 Sd 6.1% 4.2% 1.1% 12.2% 

(n) (0) (0) (50) (0) (50) (50) (0) (0) (50) 

1901- Mean 4.0% 4.4% 3.7% 3.5% 4.4% 
1950 Sd 6.1% 8.4% 13.3% 0.9% 29.0% 

(„) (0) (0) (13) (43) (50) (50) (0) (0) (50) 

1951- Mean 8.0% 3.4% 4.9% 8.1% 
1998 Sd 4.5% 4.6% 1.9% 19.4% 

(n) (0) (0) (0) (48) (48) (48) (0) (0) (48) 
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The remaining two data categories concern other economic indicators and real estate 

series. Other series used to describe the economy besides the cycle indicators are a 

consumer price index, short-term interest rates, and average wages. Real estate 

information is obtained from our Repeated-Rent Index estimated in Chapter 3, and the 

annual version of the Herengracht-index representing Amsterdam property sales prices. 

More information on these ten series is shown in Tables 4.1 and 4.2. The abbreviated 

series names will be used throughout the remaining part of this chapter. 

These ten indicators reflect long-term developments of Amsterdam. The city was 

founded by the end of the 13th century, and faced an extensively booming period in terms 

of both population and prosperity during the 'Golden Age', shortly before and during the 

17th century. These developments can be found in the characteristics of the series as 

displayed in Table 4.2. During these flourishing years, rents, wages and consumer prices 

exploded, and it would take 300 years before inflation reached the same level. Despite this 

inflation, real rents tripled in between 1575 and 1600. Property prices and cycle indicators 

are not known for this early period. 

The next three centuries showed slowly stagnating growth in real estate series and the 

economy, although frequendy occurring wars disturbed this pattern. A second 

prosperous period started with the Industrialization at the end of the 19th century, also 

reflected by the series. From this point forward, the series were forced up by inflation as 

well, since it became more persistent. Nevertheless, during the most recent 50 years, real 

national income showed the largest increases ever. 

Average rent changes are rather similar to inflation for most sub-periods, but are more 

stable than consumer price changes in terms of standard deviations. Property price 

changes are larger than changes in property rents, and have much larger standard 

deviations. These larger standard deviations of capital return still holds in modern times. 

Just as dividends are more stable than stock prices, rents are less volatile than property 

prices. For our data set, this volatility difference for housing will be increased by the 

lower number of observations for the estimated property sales price index. 

4.3 Results 

Rents and property sales prices show a remarkable similarity with the business cycle, as 

shown by Figures 4.2 and 4.3. The series are depicted in nominal terms, but inflation 

could not be the major cause for this likeness, since it was non-persistent during the 

shown three centuries. 



HISTORICAL HOUSING MARKET RISK 45 

Figure 4.2: Residential rents and business cycle indicators, in nominal terms. 
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Figure 4.3: Residential property prices and business gcle indicators, in nominal terms. 
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The time period is split into three parts; otherwise the persistent inflation would make a visual inspection of the 
years before 1940 impossible. The scales of the axes therefore differ per part. The figure only illustrates how similar 
fluctuations in both series are. 

Evidence is provided by Table 4.3, which provides correlation coefficients between index 

series changes. The correlation between changes in rents and the business cycle 

indicators 'DUTY' and 'CONSTR' is large and significant, but only if rents are lagged 
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one year. Wages fluctuated with rents as well. Another clear relationship existed between 

inflation, interest rates and construction activity. Very intuitively, higher inflation 

coincided with higher short-term interest rates and a lower construction activity. 

According to the table, rents did not move with property prices, not even with a time lag, 

but Figure 4.4 provides different insights. According to this graph, rents and prices did 

show strong similarities. This is confirmed by a significant correlation coefficient of 

0.388, if calculations are based on two-year index changes instead of annual changes. 

Moreover, Johansen's tests all reject the absence of cointegration between rents and 

prices, for both a lag in levels as a lag in first differences. 

As could be inferred from the scales of the axes of the graph, an additional reason for the 

larger property price volatility will be its larger amplitude. Within upward or downward 

phases of the housing market cycle, property prices show larger percentage deviations 

from an imaginary trend. This housing market cycle showed no uniform length over the 

450 years. Measuring peak-to-peak cycle lengths, it varies from a few to even 10 decades, 

judging by nominal rents and prices. 

Table 4.3: Correlation between percentage changes in data series. 

Business cycle indicators Other economic series Real estate series 
DUTY CON GNI NNI CPI INTE WAGE RENT RENT 

STR REST (t+1) 

Business cycle indicators 

CONSTR 0.605"* 
(65) 

GNI 

(0) (0) 

NNI . . 0.477* 

(0) (0) (13) 

Other economic series 

CPI 0.040 -0.182** 0.020 0.503*" 
(83) (152) (106) (91) 

INTEREST . -0.429*** -0.151 0.191 0.185"* 
(0) (78) (104) (91) (272) 

WAGE -0.041 0.032 -0.258 . 0.056 -0.012 
(83) (152) (12) (0) (269) (93) 

Real estate series 

RENT -0.161 0.069 0.231 0.022 -0.047 0.244*** 
(83) (152) (43) (0) (300) (124) (269) 

RENT(t+l) 0.272** 0.326" *-0.128 0.011 -0.055 0.273*** -0.118" 
(83) (152) (42) (0) (299) (123) (269) (299) 

SALES -0.085 0.036 0.048 0.156 0.069 -0.083 0.110 0.052 0.071 
(66) (152) (106) (91) (349) (272) (170) (201) (200) 

respectively (2-tailed). Number of common observations in between brackets. 
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Figure 4.4: Similarity between development of residential rents and property sales prices. 
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A more thorough examination of the lag between cycle changes and rent changes is 

provided by estimation of Equation (4.4), in which percentage rent changes are regressed 

on percentage changes in cycle indicators. 

(4.4) ARENT, =Â0+ ÀlACYCLEl + Â2ACYCLE,_ •A3ACYCLE,_2 

As shown in Table 4.4, business cycle series lead the rent index series indeed by one year, 

if looked at the two cycle indicators describing the oldest part of our data set. However, 

for the years in between 1811 and 1850, no significant relationship between cycle 

changes and rent changes is found. Since the rent series ends in 1850, no results are 

known for the period after 1850. 

Table 4.4: Relationship between rent changes and business cycle changes. 

Business cycle indicator 

DUTY CONSTR GNI 
Parameter (1643-171 5) (1654-1805 (1811-1850) 

Estimate Prob Estimate Prob Estimate Prob 

For constant 0.002 0.725 0.001 0.793 -0.001 0.010 
For CYCLEt -0.009 0.616 0.013 0.575 0.109 0.124 
For CYCLE,-, 0.044 0.013 0.080 0.000 -0.122 0.120 
For CYCLEt.2 0.021 0.236 0.025 0.246 -0.164 0.121 
For CYCLE..3 0.017 0.343 0.022 0.314 -0.017 0.124 

Estimates forEquation (4.4). Probabilities (prob) indicate significance of parameter estimates. 

Figure 4.3 suggests a relationship between the economy and property sales prices as well. 

Although no similar short-run results can be found, Johansen's tests do prove a long-run 
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relationship. All tests reject the 'no cointegration'-hypothesis with the four cycle 

indicators for one lag in levels and for one lag in first differences. 

Summarizing, the housing market appears to track the economy well, thereby exposing 

homeowners and investors to the general economy. However, besides short-run and 

long-run similarities, it is also important to know if the housing market reacted to major 

events. A first glance at Figure 4.5, which provides a visual impression of war impact on 

rents, shows that the rent level indeed showed sharp declines from the year after the 

eruption of a war, most of the times. 

Figure 4.5: Graphical indication of impact of wars an 
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Event studies test this impression more formally. Appendix Tables 4.A.1 through 4.A.3 

show changes in respectively the cycle indicators, the rent index and the property price 

index during event years, and years preceding and succeeding events. In the list of 

studied events, we include the eruption of twelve wars, nine peace treaties, five plague 

epidemics, three famines, and two financial crises. Of all events, wars had the largest 

impact on the economy. Plague epidemics and famines were horrible as well, but did not 

really impact the economy. As a result of scarcity, consumer prices tended to rise during 

famines. Financial crises triggered by the bankruptcy of major banking or stock-trading 

companies did not pull the entire economy down, although short-term interest rates 

dropped to a large extent. The tables indicate that the real estate series showed large 

changes during the majority of wars as well, while other event types appear to have had 

less influence. 
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Equation (4.3) tests whether changes in rents, property prices and other series during 

events are significandy different from regular changes. For this, dummy variables are 

needed. Dummy D 0 reflects the occurrence of an event, other created dummy variables 

indicate years preceding (D.,) and succeeding (D , , D 2 , D 3 , D 4 , and D5) the event. 

Regression of percentage index changes on dummy variables indicating wars, as shown in 

Equation (4.3), indeed yields significant results for most economic series. Table 4.5 

shows estimated parameters y and significance for both nominal and real index changes. 

For the period 1550-1805, the economy suffered from a significandy negative shock 

during the first two years of a war, and showed significant recovery in the third year. 

Significance is present for both nominal and real cycle changes. For the most recent 

century, the decrease in national income caused by wars is not significant if expressed in 

nominal terms. In real terms, however, the negative impact is huge and significant for the 

first five war years. High wartime inflation was a matter of the last century, since for the 

entire data period 1550-1998, wartime inflation is not significant. Likely due to a higher 

perceived risk, both nominal and real interest rates rose considerably when a war erupted. 

Real estate series are affected by wars as well. The rent index shows negative rent 

changes during the second and third war year, which are significantly different from 

regular rent changes. This is consistent with the one-year lag between rents and cycle 

changes, since business cycle indicators already decreased in the first war year. Property 

sales prices show significant declines, but already in the year the war erupted. In real 

terms, however, the significance of the rent changes disappears, while the sales price 

decrease remains significant. 

The ending of a war meant a boost for the economy. According to Table 4.6, business 

cycle indicators rose significantly, immediately or shortly after a war. The significantly 

negative parameter for the GNI-series can be explained by the huge recession 

Amsterdam faced during the end of the French occupation, the only war during the 

concerning time period. In real terms, the same conclusions hold. Interest rates and 

inflation did not react to the war endings, just as all real estate series. This is comparable 

with the reaction of stock prices on events; after an important negative shock, stock 

prices usually drop sharply and recover only slowly. 

Since wars occurred rather frequently in historic Amsterdam, they sometimes coincided 

with plague epidemics, financial crises and hunger years, the other studied events. 

Therefore, we also estimate Equation (4.3) with inclusion of dummy variables for all 

types of events, though only for the event year itself and the preceding and succeeding 

year. Results are shown in Table 4.7. Conclusions concerning war eruptions do not 

change, although in combination with all other events, war endings appeared less 

determining for the business cycle. Plague epidemics, financial crises and famines did not 

influence the cycle in nominal terms, although significandy higher consumer (food) 
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Table 4.5: Regression estimates and t-valuesfor war eruptions. 

N O M I N A L SERIES - WAR ERUPTION 
Series name Period Events c 9-i <po 9i q>2 9 3 9 4 9s 
Business 
indicators 

cycle 

DUTY 1625 1715 5 0.027 

(0.852) 
0.012 

(0.116) 

-0.250" 

(-2.384) 

-0.279"' 

(-2.666) 

' 0.324*" 

(3.092) 
0.162 

(1.551) 

0.084 

(0.795) 
-0.076 

(-0.723) 

CONSTR 1651 1805 9 0.016 

(1.455) 
-0.041 

(-1.070) 
-0.235"' 

(-6.173) 
-0.156**' 

(-3.881) 

! 0.141"* 

(3.518) 

0.061 

(1.516) 

0.008 

(0.207) 
0.036 

(0.953) 

NNI 1901 1998 2 0.058*" 

(8.855) 

0.010 

(0.236) 

-0.086 

(-1.420) 
0.124" 

(2.048) 
0.086 

(1.419) 
-0.065 

(-1.083) 
0.060 

(0.994) 
0.290*** 

(4.808) 

Other economic series 

CPI 15511998 12 0.014*" 
(2.749) 

-0.011 

(-0.401) 
0.033 

(1.210) 

0.010 

(0.372) 
0.016 

(0.590) 
-0.009 

(-0.330) 
0.024 

(0.858) 
0.013 

(0.479) 

INTEREST 1724 1998 6 0.060* 

(1.833) 
0.218 
(1.057) 

0.636*" 

(3.078) 

-0.174 

(-0.841) 
-0.085 

(-0.410) 

-0.149 

(-0.719) 
-0.015 

(-0.073) 
-0.255 

(-1.235) 

Real estate series 

RENTRRI 1551 1850 10 0.012*" 

(3.365) 
0.020 

(1.165) 
-0.018 

(-1.029) 
-0.049*" 

(-2.848) 
-0.046*** 

(-2.638) 
-0.014 

(-0.786) 
0.000 

(-0.002) 
-0.013 

(-0.733) 

SALES 1650 1998 11 0.038*" 

(3.043) 
0.044 

(0.696) 

-0.153" 

(-2.429) 
0.014 

(0.228) 

-0.035 

(-0.559) 
-0.104* 

(-1.655) 
0.069 

(1.096) 
-0.068 

(-1.073) 

REAL SERIES - WAR ERUPTION 

Series name Period Events c 9-1 q>o 9 i q>2 9 3 tp 4 9 s 
Business cycle indicators 

DUTY 1625 
1715 

CONSTR 1651 
1805 

NNI 1901 
1998 

Other economic sel 

INTEREST 1724 
1998 

Real estate series 

RENTRRI 1551 
1850 

SALES 1650 
1998 

0.005 0.124 

(0.145) (1.150) 

0.011 0.003 
(0.730) (0.064) 

0.045"* 0.011 
(7.119) (0.256) 

10 

-0.225" -0.249" 0.409"* 0.176 0.082 0.006 

(-2.091) (-2.316) (3.801) (1.637) (0.759) (0.053) 

-0.249"* -0.134** 0.193*** 0.083 -0.002 0.061 

(-4.882) (-2.486) (3.591) (1.549) (-0.045) (1.195) 

-0.147" -0.162*" -0.295*" -0.169*** -0.051 0.291*" 

(-2.522) (-2.790) (-5.070) (-2.897) (-0.871) (4.991) 

0.051* 0.188 0.437" -0.206 -0.113 -0.156 -0.047 -0.289 

(1.674) (0.994) (2.306) (-1.088) (-0.595) (-0.825) (-0.248) (-1.528) 

0.008 0.036 -0.018 -0.022 -0.011 0.005 -0.023 -0.013 

(1.003) (0.983) (-0.480) (-0.590) (-0.303) (0.125) (-0.612) (-0.343) 

0.031" 0.079 - 0 . 1 9 1 - 0.002 -0.040 -0.103 0.053 -0.068 

(2.403) (1.210) (-2.919) (0.030) (-0.614) (-1.568) (0.808) (-1.038) 

Based on (43) INDEX', - INDEX',. 
=c+Vç3,.Z),+i +et 

***, ** and* indicate that significant coeffitients at the 0.01, 0.05 and'0.10 level, respectively. T-values are shown in 
betiveen brackets. 
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Table 4.6: Regression estimates and t-valuesfor war endings. 

NOMINAL SERIES - WAR E N D I N G S 

Series name Period Events c 
< p - l (po (Pi q>2 q>3 Cp4 ips 

Business cvcle 

DUTY 1625 6 0.021 -0.015 0.224" 0.217" -0.058 -0.060 -0.043 -0.257 
1715 (0.592) (-0.142) (2.187) (2.122) (-0.569) (-0.544) (-0.383) (-2.316) 

CONSTR 1651 6 0.007 -0.075 0.103* 0.023 0.052 0.043 -0.090* -0.073 
1805 (0.532) (-1.382) (1.922) (0.428) (0.973) (0.853) (-1.802) (-1.452) 

GN1 1808 1 0.023*" -0.234*** -0.203"* -0.086 0.235"* 0.010 -0.060 -0.021 
1913 (3.836) (-3.917) (-3.393) (-1.445) (3.927) (0.169) (-1.004) (-0.351) 

NNI 1901 2 0.059*** -0.066 0.059 0.290*" 0.117"* -0.039 -0.017 -0.018 
1998 (8.815) (-1.096) (0.985) (4.808) (2.727) (-0.911) (-0.401) (-0.417) 

Other economic series 

CPI 1551 10 0.017"* -0.027 0.007 0.019 0.000 -0.046 0.004 -0.026 
1998 (3.557) (-0.905) (0.218) (0.628) (-0.009) (-1.537) (0.136) (-0.855) 

INTEREST 1724 4 0.070" -0.156 0.004 -0.116 -0.225 0.013 0.069 -0.018 
1998 (2.152) (-0.603) (0.013) (-0.389) (-0.872) (0.051) (0.267) (-0.069) 

Real estate series 

RENTRRI 1551 8 0.009** -0.041" -0.019 0.019 0.008 0.008 0.015 -0.024 
1850 (2.541) (-2.101) (-0.972) (0.976) (0.400) (0.414) (0.760) (-1.238) 

SALES 1650 9 0.027" -0.008 -0.025 0.059 0.072 0.014 -0.001 -0.013 
1998 (2.236) (-0.114) (-0.350) (0.848) (1.079) (0.214) (-0.017) (-0.195) 

REAL SERIES - WAR E N D I N G S 

Series name Period Events c <p-i Cp 0 (pi ff>2 <P3 <p4 q>5 

Business cvcle indicators 

DUTY 1625 6 0.012 0.030 0.261" 0.211* -0.051 0.004 -0.087 -0.261 
1715 (0.339) (0.277) (2.447) (1.973) (-0.481) (0.032) (-0.750) (-2.253) 

CONSTR 1651 6 0.002 -0.006 0.153" 0.031 0.069 0.099 -0.113 -0.071 
1805 (0.100) (-0.081) (2.250) (0.451) (1.019) (1.568) (-1.783) (-1.111) 

GNI 1808 1 0.022*" -0.276*" -0.204" 0.005 0.192" -0.145* -0.134* 0.171" 
1913 (2.755) (-3.441) (-2.535) (0.068) (2.390) (-1.803) (-1.670) (2.129) 

NNI 1901 2 0.031*" -0.154" -0.036 0.305"* 0.145"* 0.100** 0.122*** -0.020 
1998 (4.408) (-2.458) (-0.577) (4.864) (3.239) (2.239) (2.736) (-0.449) 

Other economic series 

INTEREST 1724 4 0.051* -0.158 -0.050 -0.193 -0.224 0.070 0.110 0.042 
1998 (1.734) (-0.672) (-0.185) (-0.715) (-0.955) (0.298) (0.470) (0.179) 

Real estate series 

RENTRRI 1551 8 0.005 -0.002 -0.010 0.033 -0.002 0.040 -0.021 0.003 
1850 (0.676) (-0.058) (-0.238) (0.794) (-0.037) (0.982) (-0.515) (0.072) 

SALES 1650 9 0.017 0.018 -0.016 0.048 0.066 0.064 -0.006 0.029 
1998 (1.304) (0.243) (-0.212) (0.652) (0.953) (0.925) (-0.090) (0.421) 

Rased on (43) INDEX,- INDEX",_, 

INDEX, _, 

5 

=cJtY_i(p,DM +£, 

*** ** anei * in(facate t}jat significant coefficients at the 0.01, 0.05 and 0.10 level, respectively. T-values are shown in 
between brackets. 
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Table 4.7: agression estimates and t-valuesfor all events. 

Business cycle indicators Other Real estate 
economic series 
CPI INTE 

REST 

series 
DUTY CONSTR GNI NNI 

economic series 
CPI INTE 

REST 
RENT 
RRI 

SALES 

Period 1625 
1715 

1651 
1805 

1808 
1913 

1901 
1998 

1551 
1998 

1724 
1998 

1551 
1850 

1650 
1998 

War eruptions 
War endings 
Plague epidemics 
Financial crises 
Hunger 

5 
6 
3 
0 
1 

9 
6 
2 
2 
1 

0 
1 
0 
0 
2 

2 
2 
0 
0 
0 

12 
10 
5 
2 
3 

6 
4 
0 
2 
2 

10 
8 
5 
2 
3 

11 
9 
2 
2 
3 

NOMINAL SERIES 

Constant 0.042 0.033" 0.026" * 0.059"* 0.015" 0.054 0.010" " 0.030" 

War eruption (t -1) 
War eruption (t) 
War eruption (t+1) 

-0.055 
-0.239** 
-0.253" 

-0.074* 
-0.254" 
-0.153" 

0.009 
-0.087 
0.123" 

-0.007 
0.034 
0.011 

0.225 
0.642"* 

-0.168 

0.023 
-0.015 
-0.045" 

0.063 
-0.129** 
-0.029 

War end (t-1) 
War end (t) 
War end (t+1) 

-0.036 
0.159 
0.21?** 

-0.087* 
0.051 

-0.008 

-0.237** 
-0.206" 
-0.089 

* -0.066 
0.059 
0.289*" 

-0.029 
0.015 
0.024 

-0.139 
0.020 

-0.099 

-0.040" 
-0.019 
0.019 

-0.008 
-0.013 
0.076 

Plague (t-1) 
Plague (t) 
Plague (t+1) 

0.264 
-0.126 
-0.166 

0.155* 
0.031 

-0.062 

-0.061 
-0.029 
0.003 

-0.008 
-0.008 
0.012 

-0.121 
-0.167 
0.568*" 

Financial crisis (t-1) 
Financial crisis (t) 
Financial crisis (t+1) 

-0.042 
0.014 
0.061 

0.066 
-0.095 
-0.082 

0.073 
-0.336 
0.035 

-0.005 
0.014 
0.020 

-0.001 
-0.091 
-0.001 

Famine (t-1) 
Famine (t) 
Famine (t+1) 

-0.160 
0.116 

-0.077 

0.053 
-0.004 
-0.101 

0.008 
-0.032 
-0.028 

0.093* 
0.184"* 

-0.154"* 

-0.190 
0.279 

-0.166 

0.042 
-0.019 
-0.017 

0.179 
-0.236" 
0.198* 

REAL SERIES 

Constant 

War eruption (t -1) 
War eruption (t) 
War eruption (t+1) 

War end (t-1) 
War end (t) 
War end (t+1) 

Plague (t-1) 
Plague (t) 
Plague (t+1) 

Financial crisis (t-1) 
Financial crisis (t) 
Financial crisis (t+1) 

Famine (t-1) 
Famine (t) 
Famine (t+1) 

0.028 0.028* 0.024*" 0.042*" 

0.013 -0.048 
-0.232" -0.282*** 
-0.245" -0.134" 

0.441" 0.309" 
-0.081 0.140 
-0.148 -0.117 

-0.107 
0.110 
0.145 

-0.158 0.043 -0.129 
-0.230 -0.320*' -0.098 
0.013 -0.024 0.182* 

0.014 
-0.143" 
-0.159" 

0.012 -0.022 -0.278*" -0.165" 
0.172 0.075 -0205" -0.047 
0.209" -0.019 0.004 0.294" 

0.043 0.004 0.021* 

0.196 0.035 0.088 
0.444" -0.015 -0.178*" 

-0.198 -0.018 -0.034 

-0.149 0.001 0.020 
-0.042 -0.015 -0.021 
-0.185 0.033 0.048 

0.047 0.008 
0.004 -0.040 

-0.002 0.478"* 

-0.005 -0.067 -0.065 
-0.263 0.109 -0.001 
0.125 0.101 0.081 

-0.298 -0.052 0.071 
0.198 -0.162" -0.347*'-
0.026 0.152" 0.413*" 

***, ** and * indicate that significant coefficients at the 0.01, 0.05 and 0.10 level, respectively. T-values are shown in 
behveen brackets. 
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prices made the impact for some indicators significant in real terms during famines. The 

large and counterintuitive decrease in interest rates during financial crises is not 

significant. Property prices showed significantly negative changes during famines in both 

nominal and real terms, while residential rents only declined in real terms. 

4.4 Summary and conclusions 

Most long-run housing market studies concern time periods of at most a few decades, 

which seldom show more than one boom and one bust. This might yield an incorrect 

perception of housing risk. For example, looking at recent years, the most prosperous 

period of history, housing seems to be a rather safe investment if compared to stocks and 

bonds. However, another perception results if a much longer data period is considered. 

With an investment, an investor buys exposure to a part of the economy. With housing, 

whether being a professional investor or an owner-occupant, the buyer is exposed to 

changes in the housing market. However, he or she is exposed to developments in the 

general economy as well. According to our 450-year data period, the housing market 

tracks the economy amazingly well in the long run. Moreover, in case of major socio

economic events, the housing market is able to adjust very quickly. In those 

circumstances, residential real estate does not provide any protection, and faces the 

investor with large risks. 

Especially the eruption of wars appeared to be a major shock to the housing market. 

Both property prices and rents declined significantly during wars; prices immediately, 

rents with some delay. If corrected for inflation, the significance of the property price 

decrease remained, while the rent changes lost their significance. Although war endings 

had a positive effect on the business cycle, they did not cause significant recovery of the 

housing market. Other events like plague epidemics, financial crises and famines did not 

influence the business cycle or the housing market. Interest rates rose significantly at the 

moment of war eruption, although they showed insignificant but counterintuitive 

decreases during financial crises. When famines existed, the higher food prices fuelled 

inflation, leading to a decline in real housing prices and rents. 

When performing really long-run studies, data availability will be a major obstacle. If 

there is any data available, it frequendy concerns several short-run series that have to be 

pasted in order to obtain one long-run series. Otherwise, series have to be constructed 

from scratch, based on data sources like historical publications. For example, our rent 

index and our property sales price index are based on publications that specified details 

from individual lease contracts and sales prices of properties along the Amsterdam 

Herengracht. The amount of information that is provided by this type of sources will 

usually be rather limited, such that the constructed index series will be more volatile than 
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the reflected quantity would have been in reality. Postulating firm conclusions inferred 

from these pasted or estimated series could be dangerously. Nevertheless, our series do 

provide some valuable insights that would not have been revealed with short-run studies; 

the general current perception of housing market risk is overly optimistic. 
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Appendix 

Appendix Table A.4.1: Impact ofwar eruptions on generaleconomy, rents, and property prices.  

Event Year Series (t-1) (t) (t+1) (t+2) 

Economy and eruption of wars 

Eighty-year war 

First Anglo-Dutch war 

Second Anglo-Dutch war 

Third Anglo-Dutch war 

Nine-years war 

Spanish succession war 

Austrian succession war 
French occupy Netherlands 
Fourth Anglo-Dutch wTar 
French period 
First World War 
Second World War 

1567 - - - - -
1652 CONSTR 0.6% -37.2% -23.3% 42.2% 

DUTY 21.5% -29.2% -34.0% 71.0% 
1665 CONSTR -17.6% -27.5% -6.4% 25.2% 

DUTY -26.5% -48.4% 32.5% 27.2% 
1672 CONSTR -12.8% -59.8% -23.7% 69.4% 

DUTY 6.5% -60.0% -0.3% 102.0% 
1688 CONSTR 0.0% -7.7% -16.4% -1.7% 

DUTY 11.1% -4.0% -19.7% -0.1% 
1702 CONSTR -11.2% -15.9% -6.3% 11.0% 

DUTY 8.5% -23.7% -30.0% 67.7% 
1740 CONSTR -4.3% -4.9% -3.4% -7.5% 
1747 CONSTR 3.3% -16.5% - -
1780 CONSTR 1.4% 0.3% -16.6% 3.4% 
1795 CONSTR -3.7% -32.7% 17.1% 12.7% 
1914 NNI 4.4% -2.7% 18.2% 14.4% 
1940 NNI 9.3% - - -

Rents and eruption of wars 

Eighty-year war 
First Anglo-Dutch war 
Second Anglo-Dutch war 
Third Anglo-Dutch war 
Nine-years war 
Spanish succession war 
Austrian succession war 
French occupy Netherlands 
Fourth Anglo-Dutch war 
French period 
First World War 
Second World War 

1567 RENTS 10.9% 1.5% -9.6% -7.8% 
1652 RENTS 14.3% -1.9% -5.4% -6.6% 
1665 RENTS -0.4% -0.8% -7.8% 0.2% 
1672 RENTS 0.9% -2.3% -4.0% -4.5% 
1688 RENTS -2.6% 2.8% -2.8% -0.3% 
1702 RENTS 4.9% -7.2% 2.9% -4.7% 
1740 RENTS -2.1% 6.2% -12.2% 3.4% 
1747 RENTS 3.1% -0.3% -4.5% -1.8% 
1780 RENTS 0.8% -1.1% -2.2% -0.6% 
1795 RENTS 1.0% -6.2% -5.2% -1.5% 
1914 RENTS - - - -
1940 RENTS _ _ _ _ 

Property prices and eruption of wars 

Eighty-year war 
First Anglo-Dutch war 
Second Anglo-Dutch war 
Third Anglo-Dutch war 
Nine-years war 
Spanish succession war 
Austrian succession war 
French occupy Netherlands 
Fourth Anglo-Dutch war 
French period 
First World War 
Second World War 

1567 SALES - - - -
1652 SALES -30.8% 2.8% 22.3% -10.4% 
1665 SALES -15.6% 51.1% -36.4% -10.7% 
1672 SALES -9.5% -12.0% 1.2% 1.2% 
1688 SALES 13.5% -9.6% -18.2% 40.6% 
1702 SALES -5.4% -3.0% -6.3% 4.4% 
1740 SALES -28.7% 39.6% 5.3% -46.0% 
1747 SALES 25.8% -19.2% 8.8% -6.2% 
1780 SALES 53.0% -40.8% 7.8% 9.0% 
1795 SALES 22.1% -19.3% -4.8% -4.9% 
1914 SALES 4.7% -5.1% 2.3% 12.4% 
1940 SALES 15.6% -14.3% 4.9% 13.9% 
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Appendix Table A.4.2: Impact of war endings on general economy, rents, and property prices. 
E v e n t Year Series (TÏ) (t) (t+1) (t+2) 

Economy and war endings 

End of 80-year war 

End of First Anglo-Dutch war 

End of Second Anglo-Dutch war 

End of Third Anglo-Dutch war 

End of Nine-year war 

End of Spanish Succession war 

End of Fourth Anglo-Dutch war 
End of French period 
End of First World War 
End of Second World War 

1648 DUTY 4.2% 8.8% 0.4% -3.3% 
1654 CONSTR -23.3% 42.2% 4.1% 6.4% 

DUTY -34.0% 71.0% -5.6% 9.8% 
1667 CONSTR -6.4% 25.2% -1.8% 23.4% 

DUTY 32.5% 27.2% 64.3% -9.1% 
1678 CONSTR -19.2% -8.8% 0.6% 12.3% 

DUTY 16.3% -10.3% 17.4% -1.7% 
1697 CONSTR 1.1% 3.1% 5.9% -1.3% 

DUTY -31.0% 8.0% 58.9% 1.8% 
1713 CONSTR -3.0% -3.1% -1.0% 2.3% 

DUTY -10.1% 42.2% 7.3% -20.1% 
1784 CONSTR 2.7% 7.3% 9.9% -7.8% 
1813 GNI -21.1% -18.0% -6.3% 25.8% 
1918 NNI -0.7% 11.8% 34.9% 13.7% 
1945 NNI - - - 21.5% 

Rents and war endings 

End of 80-year war 1648 RENTS 1.4% 0.8% 1.9% -5.3% 
End of First Anglo-Dutch war 1654 RENTS -5.4% -6.6% 6.0% 1.0% 
End of Second Anglo-Dutch war 1667 RENTS -7.8% 0.2% 2.0% 2.3% 
End of Third Anglo-Dutch war 1678 RENTS -1.0% 2.3% -5.5% 4.2% 
End of Nine-year war 1697 RENTS 1.1% 2.3% -3.2% 1.6% 
End of Spanish Succession war 1713 RENTS 1.2% -2.4% 0.8% 4.4% 
End of Fourth Anglo-Dutch war 1784 RENTS -4.2% 1.9% 6.9% 2.2% 
End of French period 1813 RENTS -13.8% -6.6% 13.4% 2.9% 
End of First World War 1918 RENTS _ _ 
End of Second World War 1945 RENTS - - - -

Property prices and war endings 

End of 80-year war 1648 SALES 12.7% 
End of First Anglo-Dutch war 1654 SALES 22.3% -10.4% -17.3% 65.6% 
End of Second Anglo-Dutch war 1667 SALES -36.4%, -10.7% 37.9% -30.0% 
End of Third Anglo-Dutch war 1678 SALES -41.8% 61.4% 18.0% 52.5% 
End of Nine-year war 1697 SALES 8.3% -22.1% 5.9% 15.8% 
End of Spanish Succession war 1713 SALES -0.8% 5.1% -1.2% -6.4% 
End of Fourth Anglo-Dutch war 1784 SALES 5.2% -1.7% -0.8% -13.1% 
End of French period 1813 SALES 14.7% -32.1% 10.0% -9.4% 
End of First World War 1918 SALES 11.6% 5.2% 17.8% 17.7% 
End of Second World War 1945 SALES 33.1% 8.0% 8.0% -6.2% 
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Appendix Table A. 4.3: Impact of disasters on general economy, rents and property prices. 

Event Year Series (t-1) (t) (t+1) (t+2) 

Economy and disasters 

Plague epidemic 1616 - - - - -
Plague epidemic 1624 DUTY - - -38.3% 8.3% 
Plague epidemic 1634 DUTY - 4.7% 1.9% 10.2% 
Plague epidemic (1654 end of war) 1655 CONSTR 42.2% 4.1% 6.4% 5.8% 

DUTY 71.0% -5.6% 9.8% -15.0% 
Plague epidemic (1664 begin of war) 1664 CONSTR -7.0% -17.6% -27.5% -6.4% 

DUTY 0.5% -26.5% -48.4% 32.5% 
Financial crisis 1763 INTEREST 27.9% -47.4% 7.3% 18.2% 

CONSTR 0.7% 10.5% 9.5% -7.2% 
Financial crisis 1773 INTEREST -2.5% -9.0% 10.6% -3.2% 

CONSTR -2.5% -1.1% 9.2% -3 .1% 
Famine 1709 CPI 1.3% 45.1% -7.2% -12.5% 

CONSTR 8.6% 2.8% -6.8% -2.6% 
Famine 1817 CPI 17.8% 8.4% -16.0% -10.1% 

GNI 3.3% -3.7% 0.2% 2.4% 
Famine 1847 CPI 13.4% 6.3% -18.5% -6.3% 

GNI 3.5% 2.4% -0.7% -8.0% 

Rents and disasters 

Plague epidemic 1616 RENTS 2.8% -1.6% 5.0% -4.6% 
Plague epidemic 1624 RENTS 1.4% -5.7% 2.1% -1.0% 
Plague epidemic 1634 RENTS 0.9% 3.3% -0.6% 1.4% 
Plague epidemic (1654 end of war) 1655 RENTS -6.6% 6.0% 1.0% 4.2% 
Plague epidemic (1664 begin of war) 1664 RENTS 2.7% -0.4% -0.8% -7.8% 
Financial crisis 1763 RENTS -1.9% 2.8% 3.3% 1.7% 
Financial crisis 1773 RENTS 2.9% 2.0% 2.8% -5.5% 
Famine 1709 RENTS 0.6% -0.2% 0.7% 2.7% 
Famine 1817 RENTS -0.1% 4.1% -0.7% 8.8% 
Famine 1847 RENTS 15.0% -6.8% -2.1% -2.5% 

Property prices and disasters 

Plague epidemic 1616 SALES 
Plague epidemic 1624 SALES - - - _ 
Plague epidemic 1634 SALES - - _ -
Plague epidemic (1654 end of war) 1655 SALES -10.4% -17.3% 65.6% -12.2% 
Plague epidemic (1664 begin of war) 1664 SALES -3.0% -15.6% 51.1% -36.4% 
Financial crisis 1763 SALES 4.8% 3.2% 3.4% 5.0% 
Financial crisis 1773 SALES 1.0% -15.5% 2.3% -1.6% 
Famine 1709 SALES 15.9% -19.2% 5.6% 10.4% 
Famine 1817 SALES 28.2% -20.9% 61.9% -38.6% 
Famine 1847 SALES 18.6% -21.8% 0.9% 21.8% 





CHAPTER 5 

The Inflation Protection from Your Own 
Home: Long-run Evidence1 

For an investor, and especially one with a long horizon, inflation is an important source 

of risk as well. This importance is reflected in the abundance of economic literature 

regarding the inflation protection offered by investments in different assets like stocks, 

bonds, and real estate. Real estate returns appear to be less severely eroded by inflation 

than returns of other financial assets. The reputation of being inflation protected is one 

frequently cited real estate investment motive, besides potential diversification benefits. 

The reason for a positive relationship between real estate returns and inflation can be 

attributed to some inherent real estate characteristics. For example, lease contracts for 

office space usually require rent indexation to a general price index, while retail rents 

might be partially dependent on sales revenues. Other ways for inflation to influence real 

estate returns are construction costs and interest rates, or more indirectly via general 

economic developments. As far as residential real estate concerns, owner-occupants 

derive inflation protection from fixed rate mortgages, leading to a rising implicit benefit 

from non-due imputed rents. Moreover, inflation-adjusted household income preserves 

purchasing power, allowing for higher nominal offered property prices. 

Although the investment horizons of most real estate investors will concern several 

years, inflation hedge studies usually analyze short investment horizons of a quarter or a 

year. Results of these studies are therefore less relevant for practical purposes, since the 

degree of inflation protection for long horizons might be different from the short-term 

protection. This horizon issue has not been investigated for long-run homeownership 

either. This is a pity, since for most households, the home is the biggest asset in their 

investment portfolio, and the home is frequently a pension. The behavior of nominal 

house prices in relation to inflation is therefore very important. In this chapter, we will 

fill this gap in the empirical literature. We will look at house price changes and inflation 

for a 350-year period. Section 5.1 provides a review of real estate inflation literature, 

followed by a discussion of the methodology we apply and the studied long-run data 

series in sections 5.2 and 5.3, respectively. The results of our estimations are presented in 

This chapter is based on Eichholtz, P.M.A., J.P. Mei and M.A.J. Theebe (2001), "The Inflation Protection 
from Your Own Home: Long-Run Evidence", working paper, University of Amsterdam, presented at the 2000 
AREUEA conference in Boston. 
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section 5.4, after which section 5.5 finally concludes this chapter and provides some 

suggestions for further research. 

5.1 Literature 

Starting with the seminal theoretical work of Fisher (1930), inflation protection has been 

under continuous attention from researchers. The Fisher model predicted a one-to-one 

relationship between expected nominal asset returns and expected inflation. 

Nevertheless, for stocks the empirical evidence regarding this relationship mostly showed 

that it is negative. Examples are Bodie (1976), Nelson (1976), Fama (1975, 1981, and 

1990), Fama and Schwert (1977), Geske and Roll (1983), Jaffe and Mandelker (1977), and 

Lee (1992), who all rejected the Fisher hypothesis and concluded that stocks offer poor 

protection against inflation. Although all of these studies are based on US data, these 

conclusions do not seem to be country-specific, since Gultekin (1990) found a consistent 

lack of positive relation in most of twenty-six countries, and Solnik (1983) rejected the 

Fisherian assumption for each major stock market of the world. 

For real estate, this issue received a lot of empirical attention as well. Its reputation of 

yielding inflation-protected returns is empirically confirmed by many studies, since most 

found a positive relationship between real estate returns and inflation. Besides the 

inherent characteristics mentioned before, another explanation for this remarkable 

difference with stock or bond returns regarding inflation protection could be self-

fulfilling prophecy. Fogler et al (1985) could not reject the hypothesis that part of this 

positive relationship is caused by changing investor expectations with respect to the 

effectiveness of real estate as inflation hedge. As Hoesli et al (1997) suggested, due to its 

reputation as an inflation hedge, real estate becomes a preferred asset during times of 

high inflation. This will lower capitalization rates and raise capital values, making the 

inflation hedge capacity a self-fulfilling prophecy. 

As a third possible explanation, using appraisal-based data could attribute to the found 

positive relationship as well, as discussed in Yobaccio et al (1995) and Hoesli et al (1997). 

The capital gain component of commercial real estate returns is usually based on 

estimates of appraisers, who tend to adjust capital values in line with ex post inflation. 

Moreover, the smoothed appraisal-based returns will be more similar to a gradually 

developing inflation pattern than more volatile actual returns. Part of the perceived 

hedging effectiveness could therefore be attributed to usage of appraisal-based 

performance data. 

Mixed results for sub-markets 
Empirical studies usually focused on one or more real estate sub-markets, and estimate 

the inflation hedge capacity by means of regression. For commercial real estate, most 
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studies found returns to move with inflation, although exact results varied. For example, 

Gvourko and Linneman (1988) found commercial property returns to be most strongly 

positively correlated with inflation, while Barber et al (1997) showed commercial 

property to be only a weak inflation hedge. Sing and Low (2000) concluded that 

industrial real estate is effective against both expected and unexpected inflation, while 

shops only protect against expected inflation. However, Rubens et al (1989) found all 

commercial real estate to hedge only expected inflation. One remarkable study is 

Stevenson et al (1999), who found no evidence of inflation protection at all for 

commercial properties. 

Results for residential real estate are mixed as well. Many studies concluded that it 

provides a hedge against both expected and unexpected inflation (Bond and Seiler 

(1998), Sing and Low (2000), and Fama and Schwert (1977)), some found it to protect 

only against unexpected inflation (Rubens et al (1989)), while others found little evidence 

for an effective hedge (Stevenson, 2000). 

With respect to returns from indirect real estate, studies showed more homogenous 

results. The general consensus is that REIT returns do not protect against inflation, as 

shown in Gyourko and Linneman (1988), Chatrath et al (1998) and Chan, Hendershott 

and Sanders (1990). However, an exception is reported by Yobaccio et al(1995), who 

found some hedging capability against expected inflation. 

These studies were based on different data sets, from different geographical regions and 

different moments in time, and therefore different real estate market conditions. These 

differences might have contributed importantly to differences between empirical 

findings. With respect to this, the study by Wurtzebach et al (1991) has been quoted 

frequendy, which showed that current market conditions as reflected by vacancy rates 

influence inflation protection capacity. Other studies like Hoesli et al (1997) found 

evidence of a different relationship between returns and inflation for varying economic 

conditions as well. During low-inflation periods, the inflation hedging capacity of 

industrial real estate lowers (Sing and Low, 2000) or disappears (Wurtzebach et al, 1991). 

The latter study showed that vacancy rates are higher during such periods, and found the 

significant hedge of office returns to disappear as well. At the other hand, no impact of 

market conditions was found by Ganesan and Chiang (1998) and Stevenson and Murray 

(1999). 

Another drive contributing to the variability in findings is the use of different data types. 

For example, calculations of commercial real estate returns are usually based on 

appraisals, while returns of residential real estate are frequently calculated using 

transaction data. Moreover, for residential returns, studies like Fama and Schwert (1977) 

did not include the cash flow component. However, the appreciation component 

provides a better protection than the income component of residential real estate 
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(Gyourko and Linneman (1988), and Rubens (1989)). Barber et al (1997) concluded that 

this holds for commercial real estate as well. 

Finally, different specifications of expected inflation will contribute to the variety of 

findings as well. To mention a few approaches, Bond and Seiler (1998) specified expected 

inflation by means of time-series forecasts, Sing and Low (2000) derived inflation 

expectations from a one-period lagged 3-month Treasury bill rate, and Wurtzebach et al 

(1991) used economist's forecasts. 

The majority of inflation hedging studies is based on the assumption of Fisher, with a 

distinction between expected and unexpected inflation, as suggested by Fama and 

Schwert (1977). An alternative approach to discover the relationship between real estate 

returns and inflation is performing a causality test. Lu and So (2001) used this method to 

show that inflation does not cause REIT returns, while other studies found that returns 

of commercial real estate (Stevenson et all, 1999) and housing (Stevenson, 2000) even 

lead inflation, instead of being a hedge against it. The latter results are counterintuitive: if 

there is a causal relationship, one might expect inflation to effect real estate returns, 

instead of the reverse. More intuitive are the results of Barber et al (1997). These authors 

showed that an inflation shock initially has very little impact on capital values, after two 

years values begin to respond, and after ten years returns will have responded fully. 

Does horizon matter? 

These findings require a long-term vision, which is more appropriate to real estate 

investors. Most of the empirical research undertaken so far has focused on holding 

periods of up to 12 months, which are not very relevant for real estate investors, but also 

for many stock investors. A method commonly applied to investigate whether real estate 

returns and inflation move similarly in the long run is testing for co-integration. In this 

way, Chatrath and Liang (1998), Stevenson (2000) and Barkham et al (1996) found 

evidence for a long-run inflation hedge of respectively REITs, housing and commercial 

real estate. Hoesli et al (1996) derived the same conclusion for commercial real estate by 

means of multivariate analysis. However, co-integration results are not uniform, since 

Stevenson et al (1999) and Tarbert (1996) could not find such a long-term relationship. 

These long-run studies did not address the role of the investment horizon explicidy, 

since co-integration considers the entire data period. However, a few inflation hedge tests 

for stock returns did deal with this concern. For example, Boudoukh and Richardson 

(1993) found 5-year aggregated stock returns to be hedged against inflation, while 1-year 

returns are not hedged, although Zhu (1998) warned for interpretation of standard 

deviations because of serially correlated residuals. Schotman and Schweitzer (2000) 

showed the explicit dependence of inflation hedge capacity on investment horizon. 

Based on these studies, we conclude that the investment horizon is of crucial importance 

to the question whether investments are a hedge for inflation risk. 
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5.2 Methodology 

In this chapter, we start with the approach of Schotman and Schweitzer (2000) for an 

explicit analysis of the impact of investment horizon. We show the importance of the 

investment horizon for inflation protection capacity by means of a hedge ratio. With 

investment in financial assets, a hedge ratio expresses the number of hedging vehicles 

required to offset the risk of an unprotected position. Similarly, if a residential property is 

used as a vehicle to hedge inflation risk, one could determine the amount of housing 

required to protect against inflation by means of a hedge ratio. Important inputs for this 

ratio are the degree of inflation persistence and the short-run hedge capacity against 

expected and unexpected inflation. 

To start with the former, inflation is assumed to be generated by an AR(1) time series 
model. This is, 

(5.1) j[l+1=c + a7r,+T]M 

or alternatively written as 

(5.2) 7i,+l=n + a{7tt-n)+riM 

In (5.2), the log inflation rate % is expressed as a function of its long-run average u, a 

parameter a reflecting how fast inflation returns to this long-run average in case of 

deviation, and an independent shock r\. A high a implies persistent inflation and 

therefore a stable inflation series, since this parameter represents first order auto

correlation. 

The short-run relationship between property returns and inflation, the second input for 

the hedge ratio, can be modeled with the specification Fama and Schwert used to test the 

Fisher equation. In their test, they included unexpected inflation as well. Property returns 

are assumed to be a function of a constant real return and both expected and unexpected 
inflation. 

(5.3) RM = c + ßE, [JCM ] + <prjl+l + s, 

Parameter ß indicates the relationship between nominal returns and expected inflation, 

while if reflects how returns are determined by unexpected inflation. 

The required amount of housing to hedge against inflation is expressed as a share of a 

portfolio consisting of housing and a risk-free asset. The real return on this portfolio 

realized between time t and time t+k is the weighted average of the cumulative real 

housing return and the cumulative real risk free return for this period. 

(5.4) rr_1+k = w(Ru+k - nuM )+ (i _ w\RF^k - n^k ) 
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Parameter w reflects the housing share of the portfolio. The maximum real portfolio 

return given the preferred risk level can be found by means of a mean-variance 

framework. The solution for the demand for housing, w, consists of both the demand 

for housing as a result of the equity premium, and the demand for housing as a result of 

its hedging capacity. This hedging demand is the key element of this chapter. This ratio 

expresses the percentage of the portfolio that should be invested in real estate, in order 

to have the optimal protection against inflation with a horizon of k years. For example, if 

the hedge ratio for 30 years is 0.9, one should invest 90 percent of one's capital in one's 

own home and invest the remainder in risk-free Treasury bonds. 

If inflation and returns are specified as in Equations (5.2) and (5.3), respectively, and 

substituted in the hedge ratio, this ratio can be expressed in the persistence parameter a, 

expected inflation hedge parameter ß, unexpected inflation hedge parameter cp, time 

horizon k and the variances of the error terms following from the two regressions 

performed earlier. As is shown by Schotman and Schweitzer (2000), the hedge ratio will 

be: 

(5.5) 
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It is easy to see that partial first derivatives of this equation are complicated functions of 

other parameters. Therefore, one cannot make general inferences regarding the impact of 

a parameter on the hedge ratio. For example, an improvement of the hedge capacity 

against expected inflation could lead to both an increase and a decrease of the hedge 

ratio, depending on the exact inflation persistence. Similarly, lengthening of the 

investment horizon does not automatically induce a higher hedge ratio. For a 1-year 

horizon, however, only the unexpected inflation parameter and the variances of both 

error terms matter. For infinite horizons, the ratio is positive if ß> ( l - l/cc)cp. Schotman 

and Schweitzer show that if a = l , the only long-run demand for the investment asset is 

the inflation hedging demand, regardless of the investment returns. 

Schotman and Schweitzer developed this ratio and calculated actual ratios. For this, the 

authors searched for consensus in literature, to find the most appropriate values for the 

required input parameters. Since we use actual data series, these parameters will be 

estimated. 

Although the hedge ratio is based on parameter estimates for both expected and 

unexpected inflation hedge capacity, the distinction between these two inflation 

components is not shown. Moreover, measurement errors might arise because of 

incorrect specification of the assumed models generating inflation and housing returns. 

Therefore, we re-estimate Equation (5.3) for different time horizons H, analogous to 

Boudoukh and Richardson (1993). By means of Equation (5.6), the impact of investment 
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horizon regarding expected and unexpected inflation is studied, and the modeled series 

do not matter. 

(5.6) 2X,.=c(t) +y?(*)£,[5Xi]+d 2 X , ^ , [ I X , ] +2X , 
M i=l VW W 7 M 

The rime-series approach is not used in this specification, since it is not reasonable to 

assume that people used ARIMA-analysis to derive inflation expectations in the year 

1650. Moreover, risk-free interest rates are unknown for the entire 350 years, let alone 

economists' forecasts for these years, such that the remaining approach to model 

expected inflation concerns naïve expectations. Therefore, in (5.6), n, is assumed to 

represent expectation Etprt+1]. 

With the approaches of Schotman and Schweitzer (2000) and Boudoukh and Richardson 

(1993), and the naïve approach used in (5.6), additional measurement errors might arise 

because of incorrect specification of the inflation expectation. To avoid this, accumulated 

nominal returns for varying horizons are regressed on cumulative inflation by means of 

Equation (5.7). 

(5.7) i^+,.=c
(iw(*,ix,-+i>+, 

« i=i i=i 

The parameters y(k) provide information on the protection against actual inflation. Due to 

the long horizon of our data, this approach will suffer the least from potentially incorrect 

assumptions and modeling, and will therefore yield the most robust results. 

5.3 Data description 

This chapter is largely based on the house transactions price data Eichholtz (1997) used 

to develop a long run index for houses on one canal in Amsterdam, the Herengracht, for 

the period 1628 through 1973. Eichholtz constructed this biennial index with use of a 

hedonic repeated-measures specification, by adding one variable to the repeat-sales 

equation. This variable corrected for the fact that over time more properties are used as 

office buildings, which has a large influence on property prices. In this chapter we 

construct an annual repeat-sales index based on the same data. Sparse data in the first 

and last years of the sample period caused Eichholtz to estimate a biennial index. For our 

annual index in this chapter, we therefore eliminate the index estimates for the first and 

last years, and extend the resulting index with information of the Dutch Association of 

Real Estate Agents and the Central Bureau of Statistics. As a result, an index of annual 

house prices for 350 years is used, for the period 1649 through 1998, which is used in 



66 CHAPTER 5 

Chapter 4 as well. The other long-run data series used concerns consumer prices. Since 

no single index exists that reflects all 350 years, we used different recourses for this2. 

Figure 5.1 exhibits the development of property prices, both in nominal and real terms, 

on a logarithmic scale. This chart shows that nominal Dutch house prices only grew 

substantially in the 20th century. The gap between the nominal and real series exists since 

1850, and it gradually gets wider. Apparently, inflation seems to be a considerable 

determinant for house prices, especially since 1950. Clearly visible is the impact of both 

World Wars, in which house prices did not keep pace with the general price level. Since 

1985, properties accumulated real value without interruptions. 

Figure 5.1: Nominal and real house prices, 1650-1998. 
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Statistics of both index series are provided in Table 5.1, for the entire sample period and 

sub-periods. Sub-periods are chosen in a naïve way, by selecting the separate centuries, 

but also by selection of major turning points in history. The post W W II period shows 

relatively large annual price changes of almost 6 percent, while the 20th century average is 

only 3.5 percent. Other centuries show annual average appreciation rates close to zero. In 

real terms, 1946-1998 period has shown exceptional house price rises as well. However, 

the same conclusions apply to consumer prices; on average, inflation has been about 4 

percent during this period, compared to 3 percent for the 20th century. In other centuries, 

inflation existed as well, but it was not consistent. Price increases were followed by rather 

2 Annual inflation for the period 1649-1913 is derived from two historical sources (Van Zanden 
(unpublished) and Van Riel (forthcoming)), data for the 20* century is provided by the Central Bureau of 
Statistics (CBS) and the Netherlands Bureau for Central Policy Analysis (CPB)). 
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similar decreases, such that the average inflation rate was close to zero. Figure 5.2 

confirms this; only in the 20th century, inflation shows some consistency. 

Table 5.1: Characteristics of changes in data series. 
Log changes of 
nominal house 

price index 
Mean SD 

Log changes of 
real house price 

index  
Mean SD 

Log 
inflation 

Mean SD 

Full Sample 1650-1998 1.0 19.9 0.1 20.8 0.9 

17'h Century 1650-1700 

18* Century 1701-1800 

19* Century 1801-1900 

20'h Century 1901-1998 

Pre Napoleon 1650-1807 

Post Napoleon 1814-1998 

Interbellum 1920-1939 

Post WW II 1946-1998 

0.0 25.8 

0.2 15.1 

0.5 16.7 

3.4 23.5 

0.2 19.5 

2.4 19.8 

4.6 38.2 

5.7 19.9 

0.0 25.0 

0.6 17.7 

0.6 17.8 

0.4 24.2 

0.5 20.6 

0.8 20.7 

3.8 37.7 

1.6 20.5 

0.1 8.1 

0.4 8.5 

0.1 6.0 

3.0 9.2 

0.2 8.2 

1.6 8.1 

-5.4 10.0 

4.0 5.9 

(annual log changes in index series multiplied by 100). 

Figure 5.2: Inflation, 1650-1998. 
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5.4 Results 

This section provides the empirical findings for long-run inflation protection. To 

calculate hedge ratios, inflation persistence and short-run hedge parameters for expected 

and unexpected inflation have to be estimated. 

Table 5.2: Estimates for inflation persistence .  

Observations ,, ~ a SD a Adj R2
 a 2 

Full Sample 1650-1998 348 0.009 ~Ö28Ö ÖÖ52 O076 ÖÖoT 

17*Century 1650-1700 49 -0.001 -0.109 0.156 -0.011 0.006 

18* Century 1701-1800 99 0.005 0.052 0.102 -0.008 0 007 

19* Century 1801-1900 99 -0.001 0.235 0.099 0.045 0 003 

20* Century 1901-1998 97 0.030 0.591 0.083 0.342 0.006 

Pre Napoleon 1650-1807 156 0.002 0.012 0.080 -0.006 0.007 

Post Napoleon 1814-1998 184 0.017 0.515 0.063 0.264 0 005 

Interbellum 1920-1939 19 -0.048 0.462 0.220 0159 0 008 

Post WW II 1946-1998 52 Q.Q32 0.333 0.093 0.189 0.002 

"Based on the equation 71 , = /j + a(n —u)+fl 

Inflation persistence is estimated by means of Equation (5.2), of which regression results 

are provided in Table 5.2. We divided the 350 years into sub periods. The table indicates 

that inflation persistence rises over time, with the most recent century showing the 

highest a , and thus, persistent inflation. However, this consistency seems to be highest 

during the first 50 years of the 20th century. In the 17rh, 18lh and 19th century, the annual 

inflation percentage fluctuates around an average of zero, as indicated by \i, while in the 

20th century the long-run average was 3.0 percent. These conclusions are consistent with 

those suggested by Figure 5.2. 

Besides the parameter estimate for inflation persistence and the resulting error variance, 

other inputs for the long-run hedge ratio are estimates of the short-run hedge capacity 

against expected and unexpected inflation, as reflected by Equation (5.3). The results of 

our estimation are provided in Table 5.3. This table shows that only for the period 1814 

through 1998 the expected inflation hedge parameter is significantly higher than 0, while 

it insigmficandy differs from 1 for the periods 1650-1700, 1920-1939, and 1946-1998. 

The unexpected inflation hedge parameter is not significantly different from 0 for all 

analyzed sub-periods, and is significantly lower than 1 for all periods, except for the same 

periods as the expected inflation parameter is insignificantly different from 1. Therefore, 

a house appears to offer an improving protection against expected inflation, since the 

parameter rises over time, but does not provide a good protection against unexpected 

inflation, as far as investment horizons of 1 year are concerned. 
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Table 5.3: Estimates for protection against expected (ß) and unexpected (ip) inflation . 

Obser
vations 

c ß <P SDß SDcp ° c
2 

Full Sample 1650-1998 348 0.007 0.287 0.194 0.165 0.138 0.039 

17* Century- 1650-1700 49 0.007 -0.073 0.623 0.695 0.451 0.060 

IS* Century 1701-1800 99 -0.001 0.084 -0.097 0.252 0.182 0.023 

19* Century 1801-1900 99 0.007 0.260 -0.104 0.356 0.288 0.027 

20* Century 1901-1998 97 0.022 0.409 0.153 0.293 0.323 0.055 

PreNapoleon 1650-1807 156 -0.001 0.053 0.119 0.268 0.191 0.037 

Post Napoleon 1814-1998 184 0.017 0.415 0.063 0.207 0.211 0.038 

Interbellum 1920-1939 19 0.025 0.910 0.546 1.105 1.048 0.146 

Post WW II 1946-1998 52 0.054 0.107 0.321 0.689 0.737 0.040 

'bastion the equation RHl = c + ß Et |/r,+1 ] + (pin,+1 - Et [^,+] ] )r/l+l + st 

Finally, the long-run inflation hedge capacity can be estimated by means of the inflation 

hedge ratio reflected by Equation (5.5). Using the estimate for inflation persistence, oc, the 

estimates for 1-year hedge against expected and unexpected inflation, ß and cp, and the 

variances of the residuals s and r\ from both regressions, the hedge ratio could be 

calculated for investment horizon k. We calculated ratios for different horizons for all 

separate time periods. Table 5.4 displays the results for some values of k in numbers, 

while Figures 5.3.1 and 5.3.2 provide graphical representations of the ratios for all k 

between 1 and 30. 

Table 5.4: Hedge ratios for different investment horizons. 

Time Period Horizon in years 

1 5 10 20 30 40 50 100 

Full Sample 1650-1998 0.030 0.054 0.059 0.062 0.062 0.063 0.063 0.064 

17* Century 1650-1700 0.064 0.059 0.059 0.059 0.058 0.058 0.058 0.058 

18* Century 1701-1800 -0.030 -0.030 -0.030 -0.030 -0.030 -0.030 -0.030 -0.030 

19* Century 1801-1900 -0.013 -0.006 -0.005 -0.005 -0.004 -0.004 -0.004 -0.004 

20* Century 1901-1998 0.016 0.093 0.131 0.153 0.160 0.164 0.166 0.171 

Pre Napoleon 1650-1807 0.021 0.022 0.022 0.022 0.022 0.022 0.022 0.022 

Post Napoleon 1814-1998 0.008 0.072 0.097 0.111 0.116 0.118 0.119 0.122 

Interbellum 1920-1939 0.031 0.090 0.109 0.118 0.121 0.123 0.124 0.126 

Post WW II 1946-1998 0.012 0.018 0.020 0.020 0.021 0.021 0.021 0.021 

These results clearly show that hedge ratios rise with the horizon for all sub-periods 

concerning years after 1814. For the first three centuries, hedge ratios are rather constant, 

whlie hedge ratios for the 17th and 18lh century are even negative. Only for the 20th 

century, hedge ratios appear to be consistent with theory: the ratios increase with rising 
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horizons and are rather substantial compared to other centuries, even though a perfect 

hedge ratio of 1 appears to be impossible in practice. The hedge ratio appears to rise 

asymptotically to about 0.17. Especially between 1 and 10 years, the hedge ratio increases 

fast. For longer horizons, the ratio increases only slightly. Note that the hedge ratios and 

the increase in hedge ratios for rising horizons are larger if inflation is persistent. 

Figure 5.3.1: Hedge ratios for different centuries. 
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Figure 5.3.2: Hedge ratios for sub-periods. 
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Although the results are consistent with expectations, the hedge ratio is still rather low. 

Outcomes are dependent on whether the assumptions underlying the ratio construction 

are valid. Therefore, an alternative analysis of investment horizon impact on inflation 

protection is useful. 

Long-run protection against expected and unexpected inflation 
The hedge ratio does not explicitly make a difference between protection from expected 

or unexpected inflation. Estimation of Equation (5.6) provides these additional insights, 

since the equation is estimated for increasing holding periods. In Figure 5.4.1 these 

estimates are displayed for all horizons between 1 and 150 years, Figures 5.4.2 and 5.4.3 

show the expected and unexpected inflation parameters for horizons between 1 and 30 

years for all sub-periods. In Table 5.5 we summarize the results for some of the chosen 

horizons. The results following from this regression confirm our inferences from the 

hedge ratio investigation: the hedge capacity increases fast if the horizon rises from 1 

until 30 years. After 30 years the hedge capacity decreases slighdy, and increases again 

after 80 years. Only the hedge capacity with respect to the expected inflation increases 

fast with a rising horizon, while the hedge capacity with respect to unexpected inflation 

only shows a moderately rising trend. The parameter estimating the latter hedge does not 

differ significantly from 0, and is different from 1 for all relevant investment horizons. 

Table 5.5: Estimates for protection against expected (ß) and unexpected (ip) inflation for different 

horizons. 

Horizon Obser

vations 

c P 9 S D ß SDcp adj R2 
CTe2 

1 348 0.007 0.287 0.194 0.165 0.138 0.004 0.039 

2 347 0.016 0.264 0.163 0.106 0.116 0.012 0.051 

3 346 0.024 0.263 0.170 0.090 0.122 0.019 0.063 

4 345 0.030 0.312 0.254 0.080 0.132 0.038 0.069 

5 344 0.034 0.373 0.190 0.076 0.145 0.061 0.078 

10 339 0.050 0.493 0.051 0.065 0.184 0.144 0.125 

20 329 0.053 0.706 0.238 0.063 0.226 0.273 0.228 

30 319 0.004 1.003 0.300 0.066 0.279 0.420 0.285 

40 309 -0.011 1.027 0.436 0.062 0.283 0.469 0.349 

50 299 -0.002 0.945 0.317 0.056 0.305 0.484 0.394 

100 249 -0.177 1.047 0.703 0.046 0.346 0.683 0.316 

150 199 -0.725 1.464 0.815 0.038 0.268 0.881 0.195 

'Based on the equation JT R^ = Cj•+ß/-El [ ]T 7CH J + <p • ]T n, , „ - £ , [ £ 71HJ + ]T elth 
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Figure 5.4.1: Hedge parameters for expected and unexpected inflation, full sample. 
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Figure 5.4.2: Hedge parameters for expected inflation, different centuries. 
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Figure 5.4.3: Hedge parameters for unexpected inflation, different centuries. 
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To avoid errors resulting from an incorrect specification of the models underlying the 

hedge ratio, or from errors caused by an incorrect ex-post calculation of inflation 

expectations, the relationship between nominal returns and actual inflation is studied as 

well. For this, we estimate Equation (5.7), of which the results are presented in Tables 5.6 

and 5.7. However, the conclusions remain the same. Only during the most recent period 

in history, housing is protected against inflation to some degree. The protection against 

actual inflation rises with the investment horizon, and is significant for all horizons of 2 

years and longer. For horizons of 30 years or longer, the parameter reflecting the 

relationship between appreciation and inflation is indistinguishable from 1. 

Table 5.6: estimates for protection against actual inflation (y) . 

Obser c y SD y CTv2 

vations 
Full Sample 1650-1998 349 0.008 0.224 0.132 0.039 

17th Century 1650-1700 51 0.000 0.783 0.438 0.062 

18* Century 1701-1800 100 -0.001 -0.083 0.181 0.023 
19lh Century 1801-1900 100 0.005 -0.016 0.281 0.028 

20* Century 1901-1998 98 0.025 0.304 0.259 0.054 

Pte Napoleon 1650-1807 158 -0.003 0.159 0.190 0.038 
Post Napoleon 1814-1998 185 0.020 0.237 0.180 0.039 
Interbellum 1920-1939 20 0.021 0.683 0.889 0.141 
Post WW II 1946-1998 53 0.051 0.135 0.473 0.040 

'Based on the equation Rr = c + y • 7Tr + V: 

Table 5.7: Estimates for protection against actual inflation (y)for diffi '.rent horizons. 

Horizon Obser

vations 

c 7 SDy AdjR2 
CTv2 

1 349 0.008 0.224 0.132 0.005 0.039 
2 348 0.016 0.222 0.094 0.013 0.052 
3 347 0.024 0.233 0.084 0.019 0.063 
4 346 0.030 0.301 0.076 0.040 0.069 
5 345 0.035 0.349 0.073 0.060 0.078 
10 340 0.053 0.465 0.064 0.131 0.127 
20 330 0.054 0.689 0.063 0.267 0.231 
30 320 0.006 0.982 0.066 0.412 0.289 
40 310 -0.009 1.012 0.062 0.464 0.353 
50 300 -0.001 0.931 0.056 0.479 0.399 
100 250 -0.173 1.037 0.045 0.682 0.317 
150 200 -0.719 1.448 0.038 0.878 0.200 

Based on the Ë ^ • A ^ + r , - • £ * , • * + 2 X 
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5.5 Summary and conclusions 

This chapter clearly shows that owning a house only offers inflation protection in the 

long run, and only if inflation is persistent. In periods when inflation is not persistent, as 

was the case before this century, house price changes are not positively related to the 

inflation rate. 

The results of this chapter have some interesting implications. In the last five decades 

inflation has been rather persistent. Even though that has generated numerous problems, 

this chapter shows that in these circumstances, it was possible to hedge against inflation 

by buying a house, at least in the long run. Now, however, the economy shows signs of 

moving towards a state in which inflation is no longer persistent, or at least not as 

persistent as it has been in the last decades. That is generally heralded as a very positive 

thing, but this chapter shows that it will also have an important drawback: home-

ownership will no longer offer inflation protection, not even in the long run. 



CHAPTER 6 

Advanced NIMBY-Analysis 

Besides being affected by macroeconomic factors influencing all residential properties, 

there are also factors at a micro-level that influence house values, but which are beyond 

the influence of homeowners. If the government decides to allow the construction of a 

nuclear plant on a formerly vacant industrial parcel, prices of surrounding properties are 

likely to be affected. There are many of these potential threats, like the construction of 

high-rise office buildings or the opening of a huge shopping mall, new waste sites or 

nuclear depositories, factories worsening air quality, declining neighborhood status, and 

many more. 

The impact of these negative externalities, also referred to as Not-In-My-Backyards or 

NIMBYs, on house prices can be estimated explicitly. When appraising a residential 

property, an appraiser will include many characteristics of the house to derive a final 

estimate of the value. Hedonic regression tries to mimic the appraisal process in a reverse 

way, by deriving implicit prices of property characteristics from sales prices. Besides 

physical attributes, property values are also influenced by amenities, like view, nearby 

shops, or public transportation. Including of these externalities in the hedonic regression, 

will result in an estimate of their impact on property prices. In this way, the regression 

could estimate that the adjacent nuclear power plant adds a significantly negative value to 

the total property value. The hedonic approach is the most frequently applied technique 

to evaluate externalities. 

With respect to externality analysis, the most common alternative to hedonic regression 

is contingent valuation. This method derives monetary values by means of surveys, in 

which persons are asked for their willingness to pay for a hypothetical situation. The 

greatest strengths of this technique compared to hedonic regression are less stringent 

data requirements and the lower dependence on data usage. The results of Smith and 

Mansfield (1998) and Brookshire et al (1982) provide evidence in favor of this method, 

amongst others. However, the largest weakness is its subjectivity, as shown for instance 

by Schkade and Payne (1994) and Diamond and Hausman (1994). For many individuals 

it will be difficult to assign a value to objects. Especially when the examined object is 

intangible, like air quality or noise pollution, one might question the reliability of the 

assigned values. Moreover, there might be an important difference between hypothetical 

and actual decisions. Depending on the belief of the examined person whether the price 

actually has to be paid or not, the assigned value might be too low or too high, 
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respectively. Moreover, people tend to give socially desired answers, and answers could 

be forced in certain directions by framing, that is the way choices are positioned. 

Although there might be situations in which a survey method is preferred to the hedonic 

approach, we consider it to be inferior for externality analysis when sufficient transaction 

data is available for hedonic regression. For the Dutch housing market, this is the case, 

and we analyze housing market externalities in the next two chapters by means of 

hedonic regression. 

To illustrate the exact workings of externality analysis with use of hedonic regression, we 

discuss in section 6.1 how the impact of externalities on house prices can be measured, 

and we provide a review of the wide range of externality studies in section 6.2. However, 

using hedonic regression for NIMBY-studies could introduce potential problems 

regarding the reliability of the outcomes. More efficient estimates can be obtained by 

using so-called 'spatial correlation' techniques. The problems with hedonics and the 

principles of spatial correlation techniques are discussed in sections 6.3 and 6.4, 

respectively. In section 6.5, we construct a simulation to illustrate how using spatial 

autocorrélation really could improve NIMBY-analysis. Section 6.6 concludes this chapter. 

6.1 Externalities and hedonic regression 

The potential price impact of an externality can be dealt with in various ways, of which 

three approaches are explained in this section. These alternatives indicate the presence of 

an externality by means of dummy variables, by a variable reflecting distance or 

proximity, and by variables that are specific for the externality. 

Some studies measure the potential impact of an externality by introducing a dummy 

variable indicating the nearby presence. In this case, the dummy will be 1 for a property 

if this property is situated within a specific distance of the externality, or if the externality 

is visible. With a negative externality, the estimated coefficient would be negative, 

indicating the externality has a negative impact on property prices. The number of 

dummy variables could be extended for several distance ranges, such that the presence 

could be nuanced; dummies might indicate a distance between 500 and 1000 feet, 

between 1000 and 1500 feet, and so forth. 

A widely used approach is nuance the externality presence by using a variable reflecting 

the distance between a property and the externality. With a negative externality, the 

estimated coefficient for distance is likely to be positive; each additional unit of distance 

causes the property price to be higher. However, just including a linear distance variable 

might cause distortion of the regression estimates. It is likely that, after some distance, 

the externality will no longer impact prices. For instance, a linear distance 
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variable implies that properties at a distance of 5,000 feet are affected twice as much as 

properties located 10,000 feet from the externality, while in practice there might be no 

effect after 5,000 feet at all. This issue can be dealt with in three different manners. The 

simplest solution is selecting only those properties located within a specific range from 

the externality. This impact range could be estimated empirically. A second option is to 

construct a proximity variable based on a threshold distance, like 

(6.1) PROX = MAX[THRESHOLD - DISTANCE ; O] 

For properties located outside the indicated range, the externality is assumed to have no 

impact. In case of a negative externality, the coefficient for proximity must be negative. 

The major difference regarding the previous solution of selecting nearby properties is 

that information from properties outside the assumed impact range is not discarded now, 

but still used for estimation of implicit prices of other property characteristics. A third 

alternative to deal with a diminishing impact on property prices is to include a variable 

reflecting quadratic distance besides linear distance. In this way, each additional foot of 

distance rises or lowers property prices, but at a decreasing rate. 

Finally, instead of using dummies or distance variables, the presence of an externality can 

be expressed by variables that are specific for the externality. For example, when studying 

an externality that is likely to cause much noise like airports or highways, one might 

measure the price impact by including variables reflecting noise levels. In that specific 

case, each additional decibel is assumed to lower property prices. 

6.2 NIMBY literature review 

Literally hundreds of studies have addressed the potential impact of externalities on 

housing prices, covering a broad area. Analyzed topics concern environmental aspects, 

traffic noise, factories, toxic or regular waste sites, and neighborhood characteristics. Due 

to this abundance, it is hardly possible to create a survey discussing all existing literature. 

Moreover, many of these studies are reviewed by other studies, grouped by externality 

type. Jackson (2001) and Boyle and Kiel (2001) provided a survey of environmental 

issues, and Nelson (1980, 1982) reviewed several studies concerning the impact of traffic 

noise on house prices. Färber (1998) discussed studies for undesirable land uses, and Kiel 

and Zabel (1996) reviewed studies regarding neighborhood composition. This section 

intends to illustrate the enormous variety of studied potential threats to property values. 

Environmental aspects claim a large part of the NIMBY-literature. Many hedonic studies 

focused on the impact of air quality on house prices (Zabel and Kiel (2000), Graves et al 

(1988), and Murdoch and Thayer (1988)), in which air quality usually is expressed as a 

chemical composition, like the concentration of N 0 2 , S 0 2 or SO,. However, Boyle and 

Kiel (2001) concluded that the coefficients estimating air quality impact are insignificant 
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for most reviewed studies. O n the other hand, many studies show that the quality of 

surrounding water does influence property prices, like Legget and Bockstael (2000), 

Michael et al (1996), and Mendelson et al (1992). Water quality is reflected in various 

ways, sometimes by continuous variables indicating pH-level or water clarity, or by 

dummy variables showing a quality rating. Another environmental aspect concerns 

properties located in environmentally sensitive areas, which face a larger risk of natural 

hazards. Murdoch, Singh and Thayer (1993) showed the negative impact of an 

earthquake on property values, while lower prices of properties located in a floodplain 

were studied by Furman et al (1991) and Shilling, Sirmans and Benjamin (1989). 

A huge number of studies is devoted to the impact of traffic noise on house prices. The 

impact of road nuisance is studied by Hughes and Sirmans (1992) and Huang and 

Palmquist (2001), while aircraft nuisance related to house prices was analyzed by Collins 

and Evans (1994) and Levesque (1994), amongst others. Poon (1978) analyzed noise 

generated by railroads. In hedonic models, noise is frequently specified by a variable 

reflecting the noise level. A more extensive discussion of these studies is provided in 

Chapter 8. 

The nearby presence of smelly, giant or even dangerous plants could be a serious threat 

to property values as well. Refineries (Flower and Ragas (1994)), nuclear power plants 

(Nelson (1981), Gamble and Downing (1982), Webb (1980)), electric utility power plants 

(Blomquist (1974)), incinerators (Kiel and McClain (1995)), lead smelters (Dale et al 

(1999)) and chemical plants (Carroll et all (1996)) are not popular with homeowners. 

Variables specifying the distance to the object or dummy variables reflecting location are 

used to capture the impact on property prices. 

The negative house price impact of sites storing radioactive and other hazardous 

materials covers another part of literature. Examples are Kinnard and Geckler (1991), 

Mchaels and Smith (1990), Smolen, Moore and Conway (1992), Kohhase (1991), and 

Kiel (1995). Also the impact of regular waste sites on surrounding houses received a lot 

of attention, like McClelland, Schulze and Hurz (1990), Thayer, Alberts, Rahmatian 

(1992), Ketkar (1992), and Reichert, Small and Mohanty (1992). Just as with the analysis 

of plants, distance variables or dummies are used. 

Finally, residential property values may be negatively influenced by the presence of other 

buildings, or the composition of the neighborhood. Studies are performed for the price 

impact of a high-rise office building (Thibodeau (1990)), a shopping center (Colwell, 

Gurjal and Coley (1985)), a church (Do, Wilbur and Short (1994) and Carrol, Clauretie 

and Jensen (1996)) and mobile home parks (Munneke and Slawson (1999)). 

Neihborhood characteristics are also determinants for house prices, as shown for crime 

(Buck et al (1991), Thaler (1978) and Hellman and Naroff (1979), income (Marous 

(1996)), racial composition (Schnare (1976), Bailey (1966), and King and Mieszkowski 

(1973), and the presence of rental properties (Ko et al (1991). The impact of these 
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objects is measured in various ways; distance variables, distance dummies, and ratios 

reflecting neighborhood characteristics. 

These are just a few references to illustrate the wide range of housing market externalities 

studied with hedonics. However, a hedonic regression will only yield reliable estimates if 

the 'correct' set of variables is selected. Otherwise, the regression might confuse the price 

impact of an unknown characteristic with the externality impact. In practice, however, 

not all relevant property characteristics are known, such that estimates of externality 

studies applying straightforward hedonics are not reliable. 

6.3 The problem with hedonics 

The conclusion whether an external factor is a significant determinant for property 

values depends on the significance level of the estimate. With hedonic regression, the 

selection of variables could influence this significance, which should be corrected for. So-

called spatial autoregression techniques can yield more reliable conclusions regarding the 

NIMBY-coefficient, as we explain in this section. 

Broadly speaking, property characteristics can be divided into two completely different 

categories. The first group consists of physical attributes, like square footage, presence of 

garage and maintenance. With use of these physical characteristics only, usually a major 

part of the variance in house prices could be explained; R-squares of 0.7 are not 

uncommon in empirical studies. Many housing characteristics are registered with 

brokerage offices, where information about physical attributes could be obtained. 

However, more difficulties will be found with the second category of characteristics: 

locational attributes. Distance to the city center or nearby presence of a park could drive 

house values up, just as neighborhood amenities and status. But this information could 

be captured by dummy variables defining nearby presence, by variables reflecting 

distance between the individual properties and the amenity, or by variables describing 

neighborhood characteristics like crime or income. This locational information is not 

readily available in most situations, and collecting or constructing the variables frequently 

meets practical problems. In an ideal situation, all relevant location characteristics 

influencing property prices are known and correctly specified. In practice, this will 

seldom be the case. As shown in Dubin (1988), amongst others, omitted variables will 

not affect the sign or magnitude of a parameter estimate, but its variance will be biased in 

a downward way. This might lead to incorrect interpretation of externality study results, 

since t-statistics could erroneously indicate significance. 

In many hedonic studies, the inclusion of region dummies tries to solve this omitted 

variables problem. However, in order to be homogeneous, these regions must be rather 

small. For example, Pace, Barry and Sirmans (1998) state that typical neighborhoods 
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might have 10 to 20 houses turn over in a year. For the studies in Chapters 7 and 8, this 

implicates a regression model with ten thousands of region dummy variables. Moreover, 

this would really hamper the analysis of price effects of externalities, since it is very likely 

that a few specific neighborhood dummies will capture this externality effect, instead of 

the variable specifying the externality presence. 

In addition, region dummies and variables reflecting neighborhood characteristics could 

be based on zip code areas, or based on other arbitrary boundaries that no not 

necessarily correspond with borders that separate homogenous areas. This might 

contribute to regression distortion as well. Therefore, incorrect and omitted variables 

hamper hedonic regression, a problem that needs to be solved in order to obtain reliable 

findings in a housing market externality analysis 

Clustered residuals 
In an econometric way of speaking, the Figure 6.1: Signs of regular regression residuals. 

residuals following from a hedonic 

regression could reflect unused 0 

information. This can be visualized by ö 
'S 

mapping the residuals in a two-dimensional % 
o 

chart, with the axes specifying the location V 

of the properties, with x- and y-

coordinates. This map could reveal 

geographical clustering of residuals, as 

shown in Figure 6.1. For example, since 

Amsterdam properties are generally more 

expensive than Rotterdam properties, the 

residuals for Amsterdam house prices as a X-coordinate 

function of attributes will be positive, while Rotterdam residuals will be negative. Even 

the inclusion of many neighborhood characteristics would not solve this problem. To 

deal with this, so-called spatial autocorrelation is introduced in the real estate literature. 

Similar to autocorrelation in time series analysis, in which an observation depends on 

observations nearby in time, an observation in a cross-sectional analysis may depend on 

observations located nearby in space. This spatial dependence could be modeled as well. 

Instead of including preceding observations in time, as in time series regression, the cross 

section estimation explicitly incorporates values of nearby located properties. In this way, 

the estimation could use information from omitted location variables, since these 

variables might be capitalized into prices of adjacent properties. The empirical rationale 

for this econometric modeling is the sales comparison method used by property 

appraisers, in which values of properties of comparable quality and at comparable 

locations are incorporated explicidy in the derivation of the estimated property value. 

After some early attempts, for example Dubin (1988), spatial autocorrelation was adapted 

more and more in real estate literature. Examples are Pace and Gilley (1997), Pace et al 
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(1998) and Pavlov (2000), all of whom applied spatial statistics in property price studies. 

These publications show very convincing evidence of the importance of spatial 

autocorrelation when modeling real estate prices, through significant improvements of 

regression performance. Since spatial autocorrelation got included in commercial 

statistical packages and is even freely distributed as freeware add-ons or programming 

code, one could not possibly ignore spatial autocorrelation when performing hedonic 

regressions for the analysis of real estate markets. A more extensive discussion of the 

techniques is provided in the next section. 

6.4 Spatial autoregression explained 

Normally speaking, the specification of a hedonic regression would be 

(6.2) P = Xß + u 

in which the vector P, consisting of prices of n properties, is regressed on matrix X, 

containing k characteristics for each of the n properties. These characteristics may be 

both physical and locational. The results of this regression are implicit prices for each of 

the n attributes, captured in vector ß. This vector could be written as a function of the 

characteristics and the property prices: 

(6.3) ß = {X'XY'X'P 

The » regression residuals, which are the differences between the actual property prices 

and the prices predicted by the estimated attribute prices, are contained by vector u. The 

smaller these residuals, the better the true prices are explained by the modeled 

characteristics. Ideally, the residuals do not show regularities or systematic differences 

with respect to each other. If they do exhibit regularities, there is still some information 

left that could be used to improve regression performance. After all, removing these 

regularities with another regression specification will lower the new residuals; these lower 

residuals will raise regression performance statistics. However, it is very likely that 

residuals from a standard hedonic regression do show regularities; if locational 

information is omitted or incorrectly specified, properties located nearby each other will 

show similar regression residuals. Some areas will show mostly negative residuals, in 

other areas positive residuals might dominate. This spatial inter-dependency of these 

residuals could be expressed by means of a variance-covariance matrix V: 

(6.4) var(w) = a2V 

The a2 represents the constant part of the covariances. If the residuals were not 

dependent on each other and if all variances were constant, matrix V would be an 

Identity matrix, a matrix filled with zeros except for the ones at the main diagonal. This is 

assumed by OLS-regression. 
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Regularities in residuals 
The previous paragraph argued that this OLS-assumption is likely to be violated if using 

property prices with hedonic regression. The standard cure in econometric theory for 

this violated OLS assumption is to transform both the prices and the property 

characteristics with a specific matrix, L, such that the residuals from a new regression 

behave neatiy. The hedonic specification would then look like 

(6.5) LP = LXß + Lu 

This procedure is called Generalized Least Squares (GLS). The transformation matrix L 

follows automatically from rewriting the estimation for the vector with implicit prices as 

(6.6) ßGLS = (X'L'LX)-1 XLLP 

or, if one defines V" as L'L: 

(6.7) ßGLS = (XV-lX)-lX'V-'P 

This matrix V from Equation (6.7) is equal to the V from Equation (6.4), so matrix L 

could be derived from the variance-covariance matrix of the standard hedonic regression 

residuals. In this way, the regularities in the residuals are now explicitly incorporated into 

the new estimation of the implicit prices. The implicit prices vector could therefore be 

calculated as 

(6.; PEGLS = {X'V-1X]1XT-1P 

So, by estimating the implicit prices for housing attributes as in Equation (6.8), the 

regularity problem could be solved. 

So far, this is standard textbook econometrics. However, spatial autocorrelation makes 

specific assumptions regarding the structure of matrix V. If residuals are spatially 

clustered, one residual will be very similar to a residual located nearby in space. The 

larger the spatial distance between the residuals, the lower the dependence will be, as is 

the case in the illustration of a two-dimensional residual plot shown above. This 

assumption is used by spatial regression. 

The regularity of residuals over space, as illustrated in Figure 6.1, can be used to model 

the variance-covariance matrix V of Equation (6.7). In that case, the element of V at row 

/and column/' would be a direct function of the distance between house i and housey. 

The many alternatives to incorporate this spatial dependency in the new estimation of the 

vector (3 could be classified in two categories. At one hand, the so-called lattice models 

directly approach the variance-covariance matrix with use of calculated distances ot 

functions of these distances for each pair of two houses, based on a system of X- and Y-

coordinates in space. On the other hand, matrix V (not the inverse V" ) might be 
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modeled by estimating the general correlation between houses as a function of distance. 

This procedure is applied by geostatical models. 

Lattice models 
The former category is most widely used in real estate and probably the most intuitive. 

The clearest way of incorporating residuals from nearby located properties is by adjusting 

Equation (6.2) to 

(6.9) P = Xß + PW{P-Xß) + e 

although a more appropriate notation would be 

(6.10) p = Xß + u, 

with E[U, I Xt ] = 0, w, = p^ W'JUJ + e j , and w) = f (dist j ; ) 

In these equations, besides being dependent on property characteristics, the prices also 

depend on the difference between true prices and predicted prices Xß, so the regular 

regression residuals. To make sure the regression only considers the residuals from 

nearby properties, the residuals are weighted by weight matrix W. The element on row i 

and columny' is a function of the distance between property i and property j . This matrix 

must be specified in advance, and could be constructed by many alternative methods, as 

described below. The parameter p in Equation (6.10) specifies the degree of spatial 

dependency. The higher this parameter, the stronger is the dependency of property prices 

on nearby located properties. 

Rewriting Equation (6.9) yields 

(6.11) (i-pW)P = (i-pW)Xß + S 

In this equation, I represents an Identity matrix. Scaling the dependent and independent 

variables by ( I - pW) is similar to what happens in Equation (6.5) with matrix L. Hence, 

analogous to (6.6) and (6.7), and with use of spatial autocorrelation, the estimates of the 

implicit property prices could be written as 

(6.12) ßSAR = {x'p-'xyX"F-1P 

in which the inverse of the variance-covariance matrix is defined as 

(6.13) Y^ = (l-pW)'{l-pW) 

comparable with the specification of VA as the product of matrices L' and L. So, this is a 

special situation of the Generalized Least Squares estimation as in standard literature, 

with now the variance-covariance matrix specified as a function of spatial distance 

between two observations. 
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The estimator of Equation (6.13) is indicated as ßSAR . SAR stands for simultaneous 

autoregression. This is just one alternative for direct modeling of the variance-covariance 

matrix. For example, CAR models errors with use of conditional autoregression, in 

which the expectation and the variance of the dependent variable are made conditional 

on surrounding observations. Equation (6.9) might then look like 

(6.14) P = Xß + (l-pW)-'/2s = Xß + pW(Y-Xß) + {l-pWf\ 

(6.15) (l-pW)"2P = (l-pW)ulXß + E 

With transformation matrix L now specified as ( l - p W ) " 2 a n d a symmetric weight 

matrix, conditional autoregression models specify the variance-covariance matrix Y - 1 as 

(6.16) W-\R =(I-pW) 

So, one could deal with spatial autocorrelation by modeling the variance-covariance 

matrix used in the GLS-estimator with use of the spatial distances between individual 

observations. These distances are used to construct the weight matrix W. This matrix 

specifies the degree of price influence of nearby properties. 

Weight matrix of lattice models 

There are many alternatives to specify the weight matrix, of which the simplest one is the 

nearest neighbor specification. In this case, all elements of the weight matrix will be zero, 

except if there is no observation closer. If observations i and j are nearest neighbors, 

element w,, will be 1. This could be extended to m neighbors. Note that this binary matrix 

does not need to be symmetric; an outlier in space might find another specific 

observations to be its nearest neighbor, but this other observation could find its nearest 

neighbor in close proximity. 

Another approach, resulting in a symmetric weight matrix, is specifying element w, as 1 if 

the distance between observations i andy' is smaller than a chosen limit. Just as with the 

asymmetric alternative, observations located nearby each other will have higher weights 

than other observations. 

Alternatively, the weight matrix could be created with use of a non-binary approach. The 

elements could be specified as a continuous function of the distance between two 

observations, like w,, = 1 / {distance,^ ), in which C is a constant. The inverse 

relationship between weights and distance make sure that observations in close proximity 

will have higher weights, as is assumed by spatial autoregression. 

Alternatively, as used by Bailey and GateU (1995), another weight matrix could be 

constructed with use of so-called Delaunay-triangles. Instead of looking for a specific 
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number of nearest neighbors, this algorithm will create groups of on average six adjacent 

observations. This information is used to construct a binar}' weight matrix. With 

Delaunay triangles, no parameter p needs to be specified for determination of the rate 

of geometric decay in weights, as is the case with nearest-neighbor approaches. 

Geostatical models 
Lattice models make use of the grid pattern formed by discrete spatial coordinates. In 

real estate, the exact location of a property is indicated by two coordinates, longitude and 

latitude. These coordinates are usually expressed on a discrete scale. The number of 

possible locations is therefore countable, and could be plotted as a lattice. In geostatical 

models, however, location could be defined on a continuous scale. Spatial information is 

then dealt with in a completely different way. Matrix V (not the inverse V~ ) is modeled 

by estimating the general correlation between houses as a function of distance, instead of 

creating weight matrices with distance functions for each pair of houses. Since we will 

not use geostatical models in our estimations, we will not discuss these methods. 

Dubin (1998) mentions that there is no consensus amongst real estate researchers 

regarding which alternative provides the best representation of the spatial dependency in 

the housing market. All approaches have been used in publications. Since all results 

depend on the a priori specified spatial structure she concludes this to be problematic. In 

practice, the researcher has to find the structure yielding the best regression performance. 

In this thesis, we will use both CAR and SAR to model the regression equation, and 

specify the weight matrix with nearest neighbors and Delaunay triangles, to test for the 

most convenient specifications. 

To summarize, omitted variables will not affect the sign or magnitude of a parameter 

estimate, so OLS will not lead to inconsistent estimates. However, variances are likely to 

be biased in a downward way, leading to artificially raised significance indicators. In case 

of analyzing NIMBYs, the significance is of major importance: does an externality 

influence property prices, or not? Spatial autocorrelation produces more efficient 

estimates, and will therefore be more useful when analyzing housing market externalities. 

6.5 Simulation of a NIMBY-study using spatial techniques 

To our knowledge, no NIMBY-study has applied spatial techniques, although the 

previously cited studies showed how these techniques could improve hedonic regression. 

To show the workings and the usefulness of the combination of externality analysis and 

spatial techniques, we created a simulation. In this simulation, spatial regression is 

superior to alternative regression methods if it yields better regression performance 

statistics than alternative regression methods. The simulation is meant to give more 

insights into the calculations of Chapters 7 and 8, and to show that spatial techniques 
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produce better regression performance statistics. Moreover, parameter estimates 

estimated with spatial techniques appear to be closer to the simulated values. 

We simulate prices of 10,000 properties as a function of one physical attribute (square 

meters of living area), one locational attribute (location value), and one NIMBY-factor. 

The surface of living area is simulated in between 20 and 180 square meters, with an 

average of 100. We value each square meter at € 800. The location value is simulated by 

constructing a map with location values, as shown in Figure 6.2. This map has 3 

favorable locations, for which location prices are highest. X- and Y-coordinates are 

simulated for each property, and linked to the map to obtain a location value. Since the 

map is constructed with a formula, exact location values can be calculated. Simulated 

location values range from about € 66,000 to € 211,000, with a mean of € 168,500. 

Figure 6.2: Simulated location values. 
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Coordinates of an artificial NIMBY-factor, like the presence of a toxic waste site, are 

simulated as well. Properties directly adjacent to the waste site are assumed to sell at a 

huge discount of € 150,000 compared to properties located at a distance of 10 units. 

With each unit of distance, the discount declines with € 15,000, such that there is no 

NIMBY-effect if the distance to the NIMBY exceeds 10 units, the threshold distance. 

Adding this discount to the simulated location values yields the map shown in Figure 6.3. 



ADVANCED NIMBY-ANALYSIS 87 

Figure 6.3: Simulated location values, with negative externality. 
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Figure 6.4: Simulated property values 
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Simulated property values, based on simulated property si-^e, location values and the NIMBY-impact. Darker 

colors indicate lower values, bright colors reflect high values. Clearly visible are the three centers with values 

declining with distance, and the consequences of introduâng a negative externality. 
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With a simulated constant of € 150,000, and the physical, locational and NIMBY 

attributes defined as before, the simulated house prices are calculated as: 

(6.17) PRICEj = 150,000 + m0x SIZE + o(x y ,7 . ) - \5fiQQxPROXj 

The proximity PROX, is calculated as a function of the straight-line distance between the 

property and the border of the NIMBY-impact area, as 

(6.18) PROXj = MAX [THRESHOLD - ^X, - XNlMBÏf +(Y^Ymmïf ; 0] 

The resulting prices are shown in Figure 6.4. Since we simulate reality, the simulated 

threshold distance of 10 units for which the externality does not influence property 

prices anymore should be found empirically. 

Simulation Results 

The simulated property values are estimated as a function of the physical and locational 

characteristic and the proximity of the NIMBY-object. Threshold distances of 9, 10 and 

11 units are used for estimation. Results are shown in Table 6.1. 

Estimation without location information 

We start by performing a Maximum Likelihood estimation of the price regressed on 

property size and the NIMBY-proximity, thereby ignoring location values. As is shown 

in the first panel of Table 6.1, estimations of the implicit price per square meter are very 

close to the simulated price of € 800. Estimated constants are approximately 318,000. 

This is almost equal to the simulated constant of 150,000 plus the mean location value of 

168,500. The best estimation for the 'true' NIMBY-impact of 15,000 per distance unit 

concerns the smallest impact-area, and the regression performance statistics suggest this 

is the best specification. Denote, however, that the simulated threshold was 10. 

Moreover, it is likely that part of the location value effect is captured by the estimate for 

the NIMBY-factor. The NIMBY is situated in an area with above average location 

values, causing the estimated NIMBY impact to be less negative. 

Estimation with location information by means of region dummies 

The second estimation uses region dummies, to capture the effect of different locations 

on property values. We created 16 equally sized regions of each 25 by 25 units of 

distance, and one dummy variable for each of these regions. Dummy variables show 

value 1 for a specific property if it is situated within the region. Simulated properties are 

scattered almost equally over all 16 regions. Adding dummies for 15 regions to the 

regression yields the results shown by panel B of Table 6.1. Note that the estimated 

implicit price per square meter is even closer to the simulated price of € 800 than in the 

first panel, and Likelihood Ratios are higher. Estimations of the constant now include the 

simulated constant of € 150,000 and the average location value for the region that 

omitted from the regression because of singularity reasons. The regression performanc. 

statistics show that inclusion of location information really improves estimation 

was 

:e 
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Table 6.1: estimation of simulated implicit prices of property attributes and the NIMBYproximity. 

Panel A : Estimation without region dummies  

CONSTANT 

SIZE 

PROX 

T H R E S H O L D S 

parameter LR 

317,744.4 32,463.9 

801.7 10,592.6 

-13,159.3 703.2 

THRESHOLD=10 

parameter LR 

317,843.1 32,432.8 

801.4 10,568.0 

-10,406.0 671.7 

T H R E S H O L D S 

parameter LR 

317,919.0 32,372.1 

801.1 10,524.2 

-8,228.9 612.2 

AdjR2 

rmse 
Loglik 

0.661 

27,003.9 

-148,087.6 

0.660 

27,046.4 

-148,103.3 

0.658 

27,127.1 

-148,133.1 

Panel B: Estimation with region dummies 

T H R E S H O L D S THRESHOLD=10 

parameter LR parameter LR parameter 

CONSTANT 280,085.6 28,756.8 280,117.2 28,731.2 280,156.5 

SIZE 801.1 19,116.0 800.8 19,084.1 800.3 

PROX -14,992.2 1,976.0 -12,487.4 1,946.6 -10,477.8 

Adj R2 0.889 0.889 0.888 

rmse 15,428.3 15,451.0 15,541.9 

loglik -142,482.3 -142,497.0 -142,555.6 

^estimates for region dummies not displayed 

T H R E S H O L D S 

LR 

28,623.3 

18,975.7 

1,829.3 

Panel C : Estimation with spatial autocorrelation (CAR, Delaunay) 

T H R E S H O L D S 

Parameter LR 

CONSTANT 317,751.8 46,360.9 

SIZE 799.5 41,573.2 

PROX -14,190.9 1,395.3 

Adj R2 0.987 

Rmse 3,741.3 

Loglik -131,282.0 

T H R E S H O L D S 

parameter LR 

317,913.7 46,396.6 

799.5 41,620.2 

-12,310.7 1,441.9 

0.987 

3,732.5 

-131,258.8 

T H R E S H O L D S 

parameter LR 

318,011.3 46,191.0 

799.4 41,436.6 

-9,945.4 1,257.2 

0.986 

3,763.2 

-131,351.1 

Panel D: Estimation with spatial autocorrelation (SAR, Delaunay) 

T H R E S H O L D S T H R E S H O L D S T H R E S H O L D S 

parameter LR parameter LR parameter LR 
CONSTANT 317,943.7 22,702.3 318,210.6 23,900.2 318,222.7 22,574.5 
SIZE 800.0 69,552.3 800.0 70,864.7 799.9 69,398.9 
PROX -14,053.5 3,396.1 -14,599.5 4,706.9 -11,467.9 3,237.5 

Adj R2 0.990 0.991 0.991 
Rmse 1,078.8 1,010.4 1,087.4 
Loglik -117,507.2 -116,851.8 -117,586.5 

1 Estimation of simulated property values as a function of physical and locational attributes. All estimates 
are significantly different from zero, as Likelihood Ratio-tests all specify a probability of zero for achieving 
a higher f. Simulated coefficients are 800 for SIZE, -15,000 for PROX, a constant of 150,000, and a 
threshold of 10. Results represent best out 5 simulations of 10,000 observations each. 
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precision; root mean squared errors are almost half compared to the previous estimation. 

Note that the price for the NIMBY-factor is closer to the simulated € 15,000. However, 

performance statistics again indicate an incorrect threshold distance of 9 units to be the 

most convenient. 

Estimation with location information by means of spatial autocorrelation 
Panels C and D of Table 6.1 show what happens if spatial autocorrelation is used. Now 

property prices are regressed on just the property size and the NIMBY-proximity, so 

without region dummies. We use two alternative specifications, both using Delaunay-

triangles to specify the weight matrix; while the so-called CAR-model shows important 

improvements compared to the estimation with region dummies, the SAR-model is even 

better. Root mean square errors are less than 4 percent of those resulting from the first 

regression without location information. Both the CAR- and SAR-model reveal the 

correct threshold level of 10. Moreover, the SAR-model yields the exact simulated 

implicit prices per square meter, and an implicit price per unit of proximity close to the 

simulated € 15,000. Note that fine-tuning of the SAR-specification by other weight 

matrix specifications could even improve the estimation performance. 

Conclusions for the simulation 

Even though capturing locational information in region dummies results in considerable 

enhancements of regression performance, this procedure is inferior to the use of spatial 

autocorrelation. Our results unambiguously show that spatial autocorrelation improves 

both the performance of the estimation process. It might therefore be very well suited 

for analysis of the price impact of negative externalities. 

6.6 Summary and conclusions 

In this chapter, we explained how hedonic regression can be used to estimate the impact 

of externalities on house prices, and discussed how methods applying spatial information 

could improve this analysis. Although studies showed how spatial techniques can 

improve hedonic regression, this combination has not been used in real estate literature, 

A simulation illustrated the principles of the spatial techniques applied in the next two 

chapters. These techniques yielded much better regression performance statistics, due to 

the more efficient estimates. 



CHAPTER 7 

House Price Effects of Asylum Seekers' 

Accommodation Centers1 

In 1998, nine moneyed inhabitants of a small Dutch town attained much public attention 

and indignation by the joint purchase of a former home for blind elderly. By paying an 

amount equivalent to 2 million US Dollars, in cash, they prevented this property from 

becoming a reception center accommodating three hundred asylum seekers. Their 

motivation was fear for diminishing values of their adjacent villas. 

This remarkable action appeared to be no unique incident in the Netherlands. In a similar 

cooperation, a piece of land was offered for free to the Agency for the Reception of 

Asylum Seekers by a number of persons, a parcel located far away from their capital 

houses. Another example is the personal interference of a mayor by preventing the 

establishment of a accommodation center by an adjacent municipality nearby the mutual 

city borders, since the threat to prices of the many villa's in this area could reduce the 

attractiveness of the mayor's city. 

These examples are incidents. More regular are examples of local residents lodging 

protest against establishment of asylum seeker centers, or even suing local governments 

for affected enjoyment of housing. After all, it is the local government that should 

approve the locations chosen by the Agency for the Reception of Asylum Seekers, which 

is raised by the Dutch Ministry of Justice. After a modest start in 1991, this agency is 

currendy housing almost 80,000 refugees in the Netherlands, and this number is rising 

with hundreds every week. Relative to the number of Dutch residents, this figure is 

amongst the highest in Europe. However, the institute is facing increasing difficulties in 

finding appropriate locations, since local authorities often do not provide adequate 

assistance. Presumably, also local authorities fear diminished attractiveness of their 

municipality, possibly followed by affected property prices. 

Centers for asylum seekers are not just a matter for the Netherlands, but for many rich 

countries, especially in Europe. Most countries in Europe accommodate asylum seekers 

in large reception centers, and the inflow of new asylum seekers is likely to remain high. 

1 A summarizing Dutch version of this chapter is published in Theebe, M.A.J. (2002), "Asielzoekers en de 
\\ .i-arde van uw Woning", Economisch Statistische Berichten 4342, 24-27. 
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For example, the Dutch government is expecting an annual inflow of over 30,000 asylum 

seekers for the coming years. While many of them will leave the Netherlands or integrate 

with the local population, annual inflow will exceed outflow by far. Since current centers 

for asylum seekers are overcrowded, this implies a growing need for new centers. The 

number of incidents and legal claims is therefore very likely to increase. It will be obvious 

that this is a problem of major importance. 

Are these worried persons right, and do house prices suffer indeed from the 

establishment of a reception center, or are these remarkable actions and legal claims 

inappropriate? Asylum seekers suffer from many prejudices, made abundandy clear by 

the open public fear of raising criminality, associated with the often large-scale centers 

temporarily housing a few hundred persons. These prejudices result into various extents 

of personal discrimination showing inhabitants of reception centers they are unwelcome. 

Examples range from a bus driver removing asylum seekers from his full bus to make 

place for local school kids, an Iraqi wrongly accused by the police of the horrible murder 

of a young girl, to various attempts of fire-raising. Even if all prejudices are completely 

incorrect, as long as a sufficient number of persons share these thoughts, they still could 

potentially lower transaction prices of properties located nearby. Even during housing 

market booms, as the Netherlands faced during the last few years, properties adjacent to 

centers for asylum seekers could sell with a discount, due to perceived price risk. 

However, the influence on prices has never been proven; all incidents and legal claims 

are just based on prejudices. 

We believe this is the first study providing statistical evidence concerning this very 

delicate topic; one should be very careful because of the social relevance of this type of 

studies. Moreover, the accommodation of asylum seekers tends to become more difficult 

for the Central Institute responsible for this because of decreasing cooperation of 

municipalities and residents. Hence, it is time for good research. 

7.1 Methodology 

An important part of the real estate literature is dedicated to decomposition of the 

package of attributes driving property prices and returns. Whether a specific 

characteristic contributes to prices and returns, and to what degree, could be analyzed 

with use of hedonic regression. Broadly speaking, house price influences could be 

classified into three categories, from micro to macro level: physical characteristics, 

locational features, and market conditions. 

In most hedonic studies, housing market changes driven by economic conditions and 

sentiment are just captured by time dummies. If interest rates change, or G D P falls, this 

will affect the entire housing market, so the combined effect of these forces could be 

ic 
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measured with one variable which is similar for all properties: time. The estimated 

coefficients for these dummies form a constant-quality price index, provided that other 

categories of price attributes are controlled for. Locational features actually exist at three 

levels; property specific features like view, neighborhood amenities like close proximity 

of shops or a park, and finally neighborhood status as measured by neighborhood 

income or composition of the population or housing stock. Locational information is 

more difficult to obtain than information about the physical property attributes. The 

latter category is frequently registered in sales records with brokers or in property listings, 

while locational information usually has to be gathered from many different sources. 

Moreover, due to subjective or unnatural neighborhood boundaries forced by zip codes, 

for example, linking this information to individual properties is not unambiguous. 

In this chapter, we analyze the entire universe of accommodation centers in the most 

densely populated part of the Netherlands, instead of focusing on a specific NIMBY-

object as is more common in real estate literature; differences in impact could exist 

between centers. After analyzing all of these centers separately, we will be able to make 

some general inferences. 

Estimation of the NIMBY coefficients 
Externalities are mostly analyzed by including their presence as additional explanatory 

variables in the hedonic regression. Presence is usually measured by a variable like 

straight-line distance between individual properties and the externality. In this chapter, 

we will use the same approach, but split the procedure in two steps. If the negative 

externality, or NIMBY ("Not-In-My-Backyard"), is included as a separate category, the 

following equation will be the core of the analysis, and will be referred to as the 'full 

regression'. 

(7.1) ln(PRICE) = ß0 +ßlXMARKET + ß2X PHYSICAL + ßiX LOCATIONAL + ß' AXNIMBY + £ 

In this equation, the X's denote matrices containing time dummies for general market 

changes, physical and locational attributes, and variables measuring the impact of the 

externality. Note that we use log transformations of prices in this equation. Log prices 

provide coefficients that can be interpreted in a straightforward way, and are relatively 

easy to compare with other non-Dutch studies and over time. If for example the 

parameter for 'garage' is 0.170, the presence of a garage rises the price of a property with 

e ' -1=18.5%, relative to a 'no garage' default situation. If, instead of log prices, the 

actual prices would be regressed on attributes, the coefficient for garage would be a price 

in Euros. This would be difficult to compare with US studies from 1990, for example, 

because of both inflation and exchange rates. Moreover, Box-Cox transformations used 

to determine the best specification for a hedonic regression frequently indicate this so-

called semi-log specification as the best one. 
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Ideally, the equation mentioned above is estimated in one procedure, with use of spatial 

autocorrelation. As explained in Chapter 6, spatial autocorrelation corrects for regularities 

in prices over space, to correct for wrongly omitted locational attributes. This avoids 

artificially raised t-values, and provides more accurate estimates. However, even when 

working with a Pentium 3 personal computer, we still face computer limitations when 

estimating (7.1) for all properties and all accommodation centers. Therefore, we used a 

nested model in which computations are split into three stages. 

(7.2) stage I: In (PRICE) = ß0 + ßlXMAJtKET +ß2XfmsiCAL + ß3XLOCA7JONM + È 

{Li) stage 11: X. MMBY =y0 +JXXMARKET + y 2-*- PHYSICAL + Y-$XLOCATIONAL + u 

(7.4) stage III: e=ßAu+v 

In the first stage, we regressed logarithmic prices with Ordinary Least Squares (OLS) on 

physical and locational property attributes, and time dummies to capture general market 

movements. The unexplained parts of prices, the residuals from this regression, will 

reflect the part of prices caused by omitted attributes and noise. Amongst these omitted 

attributes is distance to the nearest accommodation center. 

The residuals from stage I could be regressed on this distance, but the distance will have 

to be corrected first for correlation with the variables that determined these residuals. 

The Equation (7.3) for stage II takes care of this correction. If the variable describing 

distance is completely independent on the other characteristics, residuals u will be equal 

to the NIMBY-variable, minus the estimated average reflected by y0. In the completely 

opposite case, in which the NIMBY-variable is an exact function of the other variables, 

the residuals u will be zero. If matrix XNIMBY contains more than one variable, for each 

of these variables a corrected versions has to be calculated separately. 

The third stage in (7.4) finally regresses the residuals from the regression (2) on the 

corrected NIMBY-variable. The estimated coefficient ß4 will be the OLS estimator from 

the full regression. This can be shown by rewriting stage III of Equation (7.4) with use of 

Equations (7.2) and (7.3): 

(7.5) InP-fo-ftX^ -ß2XPH ~ß3XL0 = ß4(XMMBY -n-r^MA -r2xPH -y3XL0) + u 

or 

(7.6) In P = (ft - ßiYo )+ (ft - ßiTl )xm+(ß2- ßty3 )xm +{ß3- ß4/l ]xw + ßAXNmn + o 

Equation (7.6) shows that the equation of stage III is the same as the full equation in (1), 

with ß0 equal to {ß0 -ß4r0) , ft to (f t-f t tXi) . ßi t o (Ä-fltft). a n d h e c l u a l t 0 

( Ä - / 3 4 r 3 ) - The estimate for /?4of Equation (7.6) is the same as in Equation (7.1), 

Moreover, since the stage III regression is similar to the full regression, it can be shown 

that the residuals v will be identical to the residuals £, if estimated by OLS. 
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Without correcting the parameter estimates for the property characteristics, parameters 

from the stage I-regression in (7.2) will not be exactly equal to the parameters from the 

full regression (7.1). However, this is not important in this chapter: the focus is on 

estimation of parameter /?4 in stage III. We will estimate this coefficient with use of 

spatial autocorrelation, which looks explicitly at adjacent observations in space, as 

described in more detail in Chapter 6. This will yield more efficient parameter estimates. 

But just as the full model could be estimated with spatial autocorrelation, we could solely 

estimate parameter ß4with spatial techniques too, in stage III. After all, if there is spatial 

autocorrelation in the information used in stage I, OLS will not exploit it, such that this 

information will show up unused in the residuals. So, we exploit the spatial 

autocorrelation in the dependent variable from stage III to obtain a more efficient 

estimate of the NIMBY-parameter. 

If matrix X in the next equation would contain the NIMBY variable, the coefficient 

matrix ß is estimated as 

(7.7) ßA = {(XMMBY)' ^ {XNIMBY)Y {XmmYy !T' e 

Depending on whether one specifies spatial autocorrelation with SAR or CAR, matrix 

•F is specified as 

(7-8) F i = (I-pW)'(I-pW) 

(7-9) W-C\R = (I - pW) 

with matrix W containing n-by-n weights assigned to neighboring observations, parameter 

p specifying the degree of spatial autocorrelation, and matrix I a unity matrix. In these 

so-called lattice models, W and p should be specified by trial and error, in order to find 

the best regression performance. 

Specification of the NIMBY variable 
The potential price impact of an externality is frequently measured by deriving an implicit 

price per unit of distance, as described in Chapter 6. A significantly positive parameter 

indicates that the studied object could be classified as a negative externality, since each 

additional unit of distance has a positive price. Apparendy, people would like to pay 

more for properties located away from the object. 

While most studies of negative externalities focus on one specific object and surrounding 

properties, this chapter considers many operational accommodation centers. However, 

potential impacts on house prices are analyzed separately for each center, instead of 

estimating one parameter for each center in one estimation. Separate parameters must be 

calculated since we expect the results to be very mixed across the centers, leading to one 

meaningless estimate. If accommodation centers will influence property values at all, this 

is likely to occur only for properties within a small area surrounding the center. However, 
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selecting only those properties for estimation would result in an insufficient number of 

observations for estimation of all physical and locational attributes. Therefore, We use all 

properties for estimation of the many parameters, which requires that the variable 

describing distance to the accommodation center must be bounded to a cut-off value. 

This could be realized by the transformation 

(7.10) DIST ' = min [DISTANCE ; AREA RADIUS] 

Alternatively, the actual distance might be transformed into a variable describing 
proximity: 

(7.11) PROX = mm[DISTANCE - AREA RADIUS ; O] 

In this way, properties located outside the impact area will show a proximity value of 

zero. Although both transformations of the actual distance will result into the same 

estimation for the NIMBY impact, we select (7.11) for a better insight into regression 

results. 

Figure 7.1: Proximity as a function of distance 
with a maximum impact area of 2 kilometers. 

border of assumed 
impact area 

The radius of the impact area is not 

known at beforehand, and could not 

be inferred from other studies, since 

we believe this is the first study for 

accommodation centers. Moreover, 

the potential impact area is likely to 

differ with other locational 

characteristics, like population 

density or local housing stock 

composition. Analyzing areas smaller 

than one kilometer will not yield a 

sufficiently large number of 

observations for most centers in this 

study, and we estimate the maximum 

distance at which properties might be 

affected to be not larger than 5 

kilometers for such relatively small-

scaled externalities as accommodation 

centers. Therefore, we study impact 

areas with a 1, 2, 3, 4, and 5 kilometer 

radius. 

For example, we might assume that 

properties located outside the area with 

a radius of 2 kilometers will not be influenced anymore. So, if the straight-line distance 

between a house and the nearest accommodation center would be larger than 2 

kilometers, the NIMBY-variable for this specific property would have value 0. A 

straight-line distance to accommodation center 

Figure 7.2: Price impact as a function ej 
proximity with a maximum impact area of 2 

kilometers, and a price of + 10% per kilometer. 

ïenter border of assumed 

*r * impact area 
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property located directly adjacent to the accommodation center would have a proximity 

value o f - 2 , as is shown in Figure 7.1. 

If an accommodation center would be a negative externality, one would find a positive 

parameter estimate for proximity, as shown in Figure 7.2. The estimated price impact 

would be largest, the most negative, for properties located closest to the center. 

Including a constant 
The regression equation from stage III does not allow for a constant, since the resulting 

parameter estimate for the NIMBY-variable would no longer be the OLS-estimate from 

the full regression. Moreover, the average residuals from a regression of all properties in 

stage I will be zero, since the vast . . . . 
Figure 7.3: Actual versus estimated price impact 

majority of observations will be located ifm ^ ^ u / w W _ 

outside the assumed impact area, ;;^M^^™r"~~10% 

showing proximities of zero. An 

estimated coefficient would be very 

close to zero. However, it is possible 

that the accommodation center is 

located in less popular living area, like 

the northern part of the Netherlands. If 

this lower popularity is not captured by 

the location variables used in stage I, -40%-
. . . . proximity (distance to impact area border) 

the residuals from transactions within 

this specific small area would all be 

negative. Assume that the average residual for properties located at the border of the area 

are minus 10 percent, with a negative externality lowering these residuals to minus 30 

percent for properties directiy adjacent to the object. As motivated before, and shown in 

Figure 7.3, estimating these residuals as a linear function of proximity without a constant 

would push the estimated impact gradient through the origin of the chart. This would 

result into a steeper gradient, with the estimated impact for properties directiy adjacent to 

the externality being much larger than the actual impact. Even a more evident case is 

when an accommodation center is located in a very popular housing market area, with 

high residuals. Even if the center would be a true negative externality with residuals rising 

with distance, pushing the line through the origin would even result into a negatively 

sloped estimated gradient. In this way, a true negative externality would be classified as a 

positive externality. 

This problem could be solved if an additional variable would be used in the specification 

of the externality impact. This could be a binary variable with value one if a specific 

property is located within the assumed impact area, and zero otherwise. This additional 

variable acts like a constant explicitly estimated for the properties within the impact area. 

Only then the estimated parameter for proximity could be interpreted as the price of 

each additional kilometer the property is located away from the externality. In that case, 



9 8 CHAPTER! 

both variables need to be corrected for correlation with other explanatory variables 

analogue to Equation (7.3). The two equations replacing (7.3) will be (7.12) and (7.13). 

(7.12) cBm = y0 + ylXlimKET + y2XPHYSICAL + y3XWCApmjL + iïB,N 

(7.13) PROX =y0 +ylXMARKET +y2XPHrslCAL + y3XL0CAT[0NAL + ü™ox 

The corrected NIMBY-variables «_™and unox will be used in stage III, yielding (7.14) as 

an alternative specification for Equation (7.4). 

(7.14) e, = ß s S r +ß4u1
PR0X+vi 

Finally, the pure impact of distance on property prices could be estimated as 

(7.15) IMPACT, = exp[/?4{DISTANCE} -THRESHOLD)] - 1 

In order to estimate the maximum impact on property prices, we will report the 

estimated impact for the actual properties located closest to the center, compared to 

properties located closest to the border of the assumed impact area. For example, 

consider an impact area of 1 kilometer with property distances varying in between 400 

and 800 meters from the accommodation center. If the estimated proximity coefficient 

/?4 is +0.2, properties located closest to the center will have a price which is e
02 '(044)-l = 

11.3% lower compared to properties located at the area border. However, if the most 

distant property within this area is not located at the area border but at 800 meters from 

the externality, the impact on the nearest property compared to the most distant property 

within the impact area is only e
a2'(a4-0-8)_i = .JJO/0_ 

Interpreting the estimates 

We will consider an accommodation center as an externality if the coefficient for 

proximity is significantly different from zero. However, caution should be used when 

interpreting significance. If an accommodation center without any price impact is located 

at a spot that is popular or unpopular for other reasons than the presence of the center 

and for reasons not captured by the explanatory variables, this would classify the center 

incorrectly as an externality. At the other hand, a truly negative price impact could be 

compensated for by a favorable other locational characteristic. Property prices should be 

studied before and after the opening of a center to control for this. The limited time 

array of our data set did not make this type of analysis possible. Therefore, we should be 

careful with interpreting significance of coefficients. 

Some studies, like Thibodeau (1995) also include squared distance, to allow for a 

diminishing price effect. Since we analyze many centers for various impact areas, we will 

run hundreds of regression of which all outcomes should be compared and analyzed. We 

therefore assumed a linear relationship instead, for simplicity. Estimating for many 

different impact area sizes will discover a potential diminishing effect too. If a NIMBY-

parameter estimated for a 2-kilometer impact area is smaller than a parameter estimated 
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for a 1-kilometer radius area, properties located in between 1 and 2 kilometer from the 

accommodation center will be influenced less by the presence of the center than 

properties located within 0 and 1 kilometer. The center would have a diminishing impact 

on its surroundings. However, a higher parameter for the 2-kilometer area would indicate 

a larger impact on more distant properties, so an increasing impact. 

Additional analyses 

Discovering regularities 
When studying the price impact of centers for asylum seekers, it is not only interesting to 

know if there is a price impact, but also when there will be a price impact. For example, is 

a center only a significant negative externality if properties are located very close to it? Or 

does it matter whether the center is located in a large city or a small village? These types 

of questions could be answered by performing a multinomial logistic regression. In this 

procedure, a dummy variable specifying whether a center has a negative, a positive or no 

price impact on surrounding properties is regressed on characteristics of the specific 

centers and their neighborhood. The significance and sign of the resulting estimations 

might answer these and other questions, while a classification table shows how accurate 

these answers are. 

(NIMBY \_ (CHARACTERISTICS ACCOMMODATION^ 

{CLASSIFICATION) {CENTER AND NEIGHBORHOOD j 

Analyzing other housing market characteristics 
If centers for asylum seekers were truly negative externalities to the housing market, 

nearby presence of such centers might also influence the time it takes to sell a dwelling. It 

might also impact the price concession the seller faces, if he or she concludes that the 

original ask price could not be realized. Therefore, in a quick and less extensive test, we 

will regress sales time and sellers discount on the proximity specification, with correction 

for major characteristics like housing type and general market changes captured by time 

dummies. Since even this small selection of independent variables is still too large to 

estimate the full equation with spatial techniques, we had to split the estimation 

procedures into three stages again. For the same reasons as given before, a dummy 

variable is included in the full equation to indicate whether the property is within the 

assumed impact area. The full regression equations looks like: 

(7.17) SALES TIME = cp0+ <px X UARKET + <p2 X PROPERTY TYPE + <p3 XNlmY + e 

(7.18) DISCOUNT = <p0+cplXUARKET + <p2XPROPERTYTYPE + tp,XmMBY + e 

Summarizing, we estimate the potential impact of centers for asylum seekers on property 

prices by means of hedonic regression. The presence of the externality is specified by a 

transformation of straight-line distance. The estimation procedure is split up in three 
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steps. In the first step, property prices are regressed on all independent variables but the 

NIMBY proximity. In the second step, the NIMBY-variables are regressed on all other 

independent variables to correct for correlation. The corrected NIMBY-variables ate 

finally used as independent variables, with the residuals from the first step as dependent 

variable. The resulting estimates for the NIMBY-variables will be the same as if these 

would have been estimated with all other variables together, by means of OLS. To obtain 

more efficient estimates, spatial autocorrelation is exploited by using conditional 

autoregression techniques. Before showing the results of these regressions, we first 

describe the data used for this in more detail. 

7.2 Data description 

In this chapter, we analyze the entire universe of accommodation centers, instead of 

focusing on a specific NIMBY-object. However, data availability required us to limit the 

analysis to the Western part of the Netherlands, consisting of the provinces of North-

Holland, Utrecht, and South-Holland. This 9,000-km2 area, and especially the u-shaped 

metropolitan 'Randstad area, is frequendy considered as one large city with seven million 

inhabitants. As shown in Figures 7.4 and 7.5, these provinces and specifically the 

'Randstad area form the most densely populated region of the Netherlands. 

Figure 7.4: Munitipalities in western part of 
Netherlands have highest housing unit density. 

Figure 7.5: Population concentration in 

metropolitan area. 

The Hague 

Amsterdam 
Hilversum 

Utrecht 

Homing unit density for municipalities in 10%-quartiles; 
lowest 24-7S units per square kilometer (white) to highest 
1218-3105 (black). Source: CBS 

Rotterdam 

Housing unit density for munitipalities in data region, in 
10%-quartiles. Lowest 24-78 units per square kilormta 

(white) to highest 1218-3105 (black). Source: CBS 
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Despite focusing on a selected area, a tremendous amount of data is required. First of all, 

information about transacted properties is needed to obtain price information, and to 

filter the prices for differences in property quality. We obtained transaction price 

information and characteristics of over 160,000 sold properties from the Dutch 

Association of Real Estate Agents (NVM), sold in the years 1997 through 1999 in this 

area. The NVM is the largest Dutch association of brokers, with a national market share 

of over 60 percent. More information about this data is given below, when we discuss 

the NVM data in more detail. 

Besides physical attributes, we also used locational features to filter property prices. 

Neighborhood information is obtained from Locatus and the Central Bureau of Statistics. 

Locates is a Dutch organization providing information about retail locations. By 

combining data from these and the other data sources described, we derived additional 

variables reflecting location quality, which we will describe below in more detail. 

Information about the objects under study, accommodation centers for asylum seekers, 

is obtained from the Agency for the Reception of Agency Seekers (COA), founded by 

the Dutch Ministry of Justice. As its name indicates, this institute is responsible for the 

temporal accommodation of all asylum seekers in the Netherlands. Through the 

cooperation of this agency to our research, we have information on all Dutch 

accommodation centers, including exact addresses and opening and closing dates. 

Accommodation center information is linked to property transaction information with 

use of x- and y-coordinates, provided by the Dutch Land Registry (Kadaster). This 

institute keeps records of all transacted properties and parcels with a postal address, and 

indicates the locations of these properties and parcels with x- and y-coordinates. For this 

chapter, the Land Registry provided information concerning the exact geographical 

position of the properties and asylum seekers centers, or in some cases the center of the 

parcel the property or center is located on, with an accuracy of one meter. 

Number of transactions 
Our data gathering started with the Land Registry. This institute recorded 258,783 

transactions in the three provinces over the years 1997 through 1999. Linking the records 

with additional property information of the broker organization to the Land Registry 

records resulted in a loss of 20 percent of broker data. This loss is caused by the fact that 

the Land Registry registers the transaction by means of deed of transport, which 

generally occurs a few months after the actual sales transaction, which is recorded by the 

brokers. This will result into a loss of broker records for transactions occurred at the end 

of the data period, since these transactions are not yet registered with the Land Registry. 

Additional records were lost because of unknown coordinates or mistakes in address 

specifications. 
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However, since property information is recorded by many different brokers one 

transaction at a time, the matched records need to be screened for apparent mistakes and 

inconsistencies in variables. Besides obvious errors like misplaced comma's or unrealistic 

property volumes with respect to parcel size, some fields are indicated with a code for 

'unknown'. However, each broker uses his own code like '9999' or '1111'. Only with 

accurate data screening, these incorrect fields could be identified. Table 7.A.1 in the 

Appendix describes the screening process we used to obtain our final data selection. 

Tables indicated with an A plus a number are displayed in the Appendix, other tables are 

placed in the text. 

Table 7.1:Market coverage selected records. 

Number of observations Coverage 

Records from Land Registry 

loss: not sold by brokers organisation 

Records from Dutch Association of Real Estate Agents 

loss: no link 

Records from Brokers linked to Land Registry 

loss: screening 

Screened selection 

258,783 100.0% 

-97,254 
161,529 = 62.4% 62.4% 

-33,409 
128,120 = 79.3% 49.5% 

-14,546 
113,574 = 88.6% 43.9% 

So, after filtering about 11 percent of the matched broker records for mistakes and 

inconsistencies, we obtained a data set of 113,574 transactions. The market coverage of 

our selected records will therefore be around 45 percent, as shown in Table 7.1. 

Physical attributes data 
About 65 percent of all transactions concerns single-family properties, of which the 

majority consists of town houses and mansions, as shown in Table 7.A.2. Not many 

properties are equipped with additional luxurious facilities like one or more additional 

bathrooms (10 percent of all properties), a garage (19 percent), or an open fireplace (13 

percent). However, most properties have a garden with a length in between 5 and 15 

meters, frequendy situated at the southern or western side of the house. The vast 

majority of all sold units are in good or even excellent shape, regarding both interior and 

exterior maintenance. Because properties constructed before 1930 generally will sell for 

higher prices than properties constructed after that year, since older monumental 

properties are more valuable, we did not include 'age' as one explanatory variable, but we 

constructed dummies for construction periods instead. 

Details of these and other characteristics are shown in the Appendix in Table 7.A.2, 

which depicts all physical property attributes of the 113,574 transactions used in the 

regression. It exhibits average values and standard deviations for 130 dummies reflecting 

7 discrete variables, just as the absolute and percentage frequencies these dummies have 

value 1. For each of the characteristics described with dummies, we eliminated one 

dummy because of multicollinearity reasons. 
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The differences between the 26 housing types are sometimes very subtle, especially for 

multi-family types of housing. Differences in qualifications are mostly based on front 

door situation, as explained in Table 7.2. 

Table 7.2: Definition of comparable multi-family dwelling types. 

"•type Description , 

'wound floor dwelling One-story dwelling unit with front door at street 

unit' 

'upper floor dwelling unit' One- or two-story dwelling unit at upper story(s), not situated 
within apartment building 

'stairwell dwelling unit' One-story dwelling unit with front door in shared stairwell, situated 
in building with four stories at maximum 

'apartment without One-story dwelling unit with front door at gallery, situated in 
elevator' building with four stories at maximum, no elevator 

'apartment with elevator' One-story dwelling units with front door at gallery, stairwell, or 
corridor in multiple-story building, with elevator 

'luxurious apartment' Luxurious apartment 

Locational attributes data 
By combining data from the Land Registry (Kadaster), the Dutch Association of Real 

Estate Agents (NVM) and Locatus, we construct 9 variables describing the composition 

of the immediate neighborhood of the transacted properties, as well as the distance with 

respect to city centers and shopping areas. These variables are created with use of the 

exact coordinates. More neighborhood characteristics are obtained from the Central 

Bureau of Statistics (CBS), and are linked to the specific transactions with use of 4-digit 

zip codes. Other common locational attributes, like neighborhood income or crime, 

could not be obtained on 4-digit zip code level for the entire area of the Western 

Netherlands. A detailed description of the locational variables is given in Table 7.A.3 in 

the Appendix. 

NIMBY data 
We obtained information about all Dutch accommodation centers for asylum seekers. 

With use of opening and closing dates of the specific centers, we selected the 55 centers 

operational during the period 1997-1999 m the Western part of the Netherlands. 

However, because of the isolated position of two of these centers, regression analyses for 

53 centers turned out to be feasible. 

Centers for asylum seekers could be classified in three types. When persons enter the 

Netherlands and are given access to the asylum procedure, they move into a "Reception 

and Research Center". In the Western part of the Netherlands, three of these centers 

were operational during the period 1997-1999. Reception and Research Centers are 

usually large-scale centers, located outside crowded urban areas. 
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Once his or her application is honored, an asylum seeker moves into an 

"Accommodation Center", or into an "Additional Accommodation Center". Additional 

Accommodation Centers are small-scaled accommodation centers, and usually give 

shelter to about 100 persons in hotels or inns, temporarily contracted by the Agency for 

the Reception of Asylum Seekers. Accommodation Centers are usually larger, with a 

capacity of on average 325 persons. During the data period, 15 Accommodation Centers 

and 38 Additional Accommodation Centers were operational. Fore ease, the entire 

universe of centers is referred to as accommodation centers in this chapter, without use 

of capitals. 

Asylum seekers move out from an Accommodation Center or an Additional 

Accommodation Center once they are admitted as refugee, or are granted access to the 

Netherlands for humanity reasons. These persons are allowed to move into regular 

dwelling units and become a regular resident. Migrants could also be temporarily 

accommodated in single- or multi-family dwellings through the Small-scale Central 

Accommodation Program. These locations are not analyzed in this chapter. 

If distance to an accommodation center is used as an explanatory variable, it is important 

to know how many properties are located around a center within a certain distance. Table 

7.3 below and Table 7. A.4 in the Appendix provide this information. Because of privacy 

reasons, we indicate the centers by a number. Based on straight-line distance, we assigned 

properties to the nearest accommodation center operational at the property transaction 

moment, for each of the three center types. For example, 31 properties are located at a 

distance of in between 100 and 500 meters from Accommodation Center number 7, 

which is the closest Accommodation Center for these properties. Since there are 

moments in the data period without any operational Reception and Research Center, the 

number of transactions assigned to such a center does not sum up to 113,574, as appears 

from Table 7.3. Furthermore, there occurred only few transactions surrounding 

Reception and Research Centers, while Additional Accommodation Centers are located 

in areas with relatively many transactions. So, if the presence of an accommodation 

center does not cause the deference of transactions, centers for additional 

accommodation seem to be located within urban areas, and centers for research and 

reception at the border or outside of such areas. Therefore, Additional Accommodation 

Centers will have the highest probability of being a NIMBY, ex ante. 

Table 7.3: Number of transactions located within a specific distance from a center. 

Center type 

Accommodation center 

Research and Reception center 

Additional accommodation center 

Distance 

< l k m < 2 k m <3 km <4 km < 5 k m total 

680 3,141 5139 7,182 10,190 113,574 

16 91 157 306 606 48,049 

5,552 13,181 22,994 33,293 42,769 113,574 
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Table 7.A.5 in the Appendix provides more information on these centers. Column 1 

indicates the accuracy of the x- and y coordinates used. Mostly, the coordinates concern 

the center of the property or the parcel, sometimes the center of the zip code area if the 

address of the accommodation center is not registered with the Land Registry as a 

property or parcel. Dutch zip codes consist of 6 numbers; in our data set, both x- and y-

coordinates within a 6-position zip code area show maximum differences of about 20 

meters on average. For 5-position zip code areas this average maximum is about 340 

meters, and for 4-position zip codes 1,500 meters. If the center of a zip code area is used 

as proxy for the exact location of the center, on average the maximum error will be 10, 

170, and 750 meters for 6-, 5-,and 4-postion zip codes areas, respectively. Columns 2 

through 7 provide more information on the direct surroundings of the center. Columns 2 

and 3 reflect the percentage of transactions within 1 and 4 kilometer concerning 

luxurious single-family properties, as an indication of neighborhood welfare. Column 4 

shows the average disposable income of the municipality the center is located in, 

measured in thousands of Euros. The final three columns show distance to the first and 

hundredth nearest transacted property, and the number of inhabitants per square 

kilometer for the municipality. 

By combining these physical, locational, and NIMBY data by means of coordinates and 

zip codes, it is possible to estimate the impact of centers for asylum seekers on property 

prices. The results of this analysis are given in the next paragraph. 

7.3 Results 

In order to estimate the potential price impact of centers for asylum seekers on house 

prices, we first filter the prices for differences in property quality and general market 

conditions. This filtering occurs by means of the 'stage I ' hedonic regression specified in 

Equation (7.2), in which the natural logarithm of transaction prices is regressed on 

property characteristics and time. The results of this filtering are displayed in Table 7.4. 

Table 7.4: Regression statistics for filtering. 

Explanatory variables used 

Physical 
attributes 

Physical and 
locational attributes 

Adj.R2 0.724 0.786 

rmse 0.254 0.224 

F 2419.593 3060.626 

SigF 0.000 0.000 

Observations 113,574 113,574 
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Without including any information about locational features, we obtained an adjusted R! 

of 0.724. Adding locational attributes to the filtering regression, the adjusted R2 rises to 

0.786. Note, however, that a lot of locational information will still be present in the 

residuals, which is exploited by the spatial autocorrelation later on. Studies without use of 

spatial autocorrelation will generally include dummies for various geographical areas to 

capture this information. 

The resulting coefficients from the regression with both physical and locational attributes 

are displayed in Tables 7.A.6 and 7.A.7 in the Appendix. Since we regressed log prices on 

property attributes, the exponents of the estimated coefficients could be interpreted as 

the percentage contribution of the specific attribute to the property price, compared to 

the omitted default situation. As default case, we took the most common property type 

with the most common characteristics: a single-family row-house, constructed in between 

1970 and 1980, with central heating, one bathroom, well maintained, without garage ot 

open fireplace, sold at owned land with all transaction costs for account of the buyer, and 

not being a monument. For ease of comparison, we selected no garden and January 1997 

as sales moment. 

An additional square meter of parcel surface does not add much to the price, if already 

has been corrected for property volume, number of rooms and garden size. Each 

additional 10m add 1 percent to the sales price, while the price of one additional rooms 

depends on the floor it will be located at. 

Even if corrected for differences in size, the most expensive housing types are detached 

properties, like villa's, country houses and bungalows. If we control for all other physical 

and locational characteristics, a villa will sell on average for over 25% more than a single-

family row house, for example. Multi-family properties with a shared stairwell to access 

the units are sold for the lowest prices. People clearly prefer to live in a flat building with 

elevator compared to a flat without elevator. Maisonnettes are amongst the most 

expensive multi-family type. 

Facilities contribute much too. A garage adds 14 to 19 percent to the price of a house, 

depending on whether it is constructed from wood or bricks, and whether it is detached 

or not. A garden must be paid for as well, and a larger garden will cost more. Gardens 

situated more or less at the south side of the house cost a little bit more than other 

gardens. An additional bathroom is valuable too. Even the type of the heating system 

shows up in property prices. 

Maintaining a property in good condition, both interior and exterior, preserves the price 

of the house. The lower the quality of maintenance, the lower will be the price. 

The construction year of the house is very decisive to its price. Generally speaking, if the 

house has been constructed in before 1930, one could conclude that the older the house 
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is the more valuable it will be. However, properties constructed in between 1550 and 

1800 will usually be well-preserved canal houses or other types of monuments. This 

might explain the low coefficient for the property type canal house of below 10 percent. 

Nevertheless, monuments are very valuable, as monument status of a property raises its 

price by almost 17 percent. People also appear to prefer very new properties, as prices of 

properties constructed in the 1980's and 90's are 6 and 19 percent higher, respectively. 

Sales conditions are important too. If the seller pays for all transaction costs, it will 

charge the buyer a 14 percent extra. If buyers have to lease the ground the property is 

built on, they pay less for the house, especially if the lease term will be floating. 

Every additional month the seller does not find a suitable buyer, he or she will lower the 

ask price with 0.6 percent, on average. Note, however, that the housing market started to 

boom, with annual price increases of 8, 12, and 15 percent for the years 1997 through 

1999, respectively. 

Estimates for the locational attributes all have the expected sign, and are all significant 

but one. If the neighborhood housing stock consists for a large part of single-family 

properties, prices will be higher. Properties in more homogenous areas with low property 

density are more expensive. Composition of neighborhood population matters too; 

prices rise with the relative number of elderly and western immigrants, and fall with the 

number of non-western immigrants. Properties located more distant from the city center 

and shops have lower prices. 

Choice of spatial autocorrelation specification 
Note that these contributions to sales prices are estimated with use of OLS. As 

motivated in Chapter 6, estimation with procedures exploiting spatial autocorrelation will 

yield more efficient estimates, which might differ from the estimates reported here. 

However, the aim of this chapter is not to increase efficiency of the filter variable 

estimates; the aim is to obtain reliable estimates for the NIMBY variables. For this, we 

apply conditional autoregression (CAR) with Delaunay triangles to model spatial 

autocorrelation. The Delaunay specification is used because of its relatively lower 

requirements for computation time, and since the regression performance of more 

advanced spatial specifications is only slightly better. Since we perform hundreds of 

different regressions, we do not display performance statistics of individual regressions. 

Estimation of the price per unit of proximity 
Table 7.A.8 in the Appendix summarizes the regression output for the estimation of 

residuals on distances to a specific center for asylum seekers, corrected for the other 

location characteristics as described earlier. This regression is written as Equation (7.14). 

These estimations are performed for various potential impact ranges. For example, for 

the potential impact range of 3 kilometers, only properties within a straight-line distance 

of 3 kilometers will have influence on the estimate of the price of proximity. Properties 
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outside the assumed impact range have dependent variables with value zero for (7.12) 

and (7.13). The parameter estimates in the table refer to the proximity coefficient ß4 only; 

the coefficient ß5 from Equation (7.14) refers to the constant for the properties located 

within the assumed impact area, which is not important for the classification of an 

accommodation center as a significant externality. Translated into NIMBY-language, an 

accommodation center could be qualified as a NIMBY-factor if ß4 is significantly 

positive. If ß4 is significantly negative, the specific center is located in an area with higher 

property prices. 

Tables 7.5, 7.6 and 7.7 provide the main results of this chapter. Tables 7.5 and 7.6 

summarize Table 7.A.8, by classifying centers as negative or positive externalities, with 

use of a 10 percent and 5 percent significance level, respectively. 

Table 7.5: Percentage of accommodation centers surrounded by properties with significantly lower and 

higher prices than properties located at border of assumed impact area, with significance level of 10%. 

Area size 

Center Type Prices adjacent to 
center are 

l k m 2 k m 3 k m 4km 5km 

Accommodat ion Center Significantly lower 

Equal 

Significantly higher 

(observations) 

23.1% 7.7% 7 . 1 % 7 . 1 % 7.1% 

61 .5% 69.2% 78.6% 78.6% 78.6% 

15.4% 2 3 . 1 % 14.3% 14.3% 14.3% 

(13) (13) (14) (14) (14) 

Reception and Research Center Significandy lower 

Equal 

Significantly higher 

(observations) 

0.0% 0.0% 0.0% 0.0% 0.0% 

100.0% 100.0% 100.0% 100.0% 100.0% 

0.0% 0.0% 0.0% 0.0% 0.0% 

(2) (3) (3) (3) ()) 

Add. Accommodat ion Center Significantly lower 

Equal 

Significandy higher 

11.8% 13.9% 16.7% 27.0% 27.0% 

70.6% 55.6% 52.8% 45.9% 48.6% 

17.6% 30.6% 30.6% 27.0% 24.3% 

(34) (36) (36) (37) (37) 

total Significandy lower 

Equal 

Significandy higher 

(observations) 

14.3% 11.5% 13.2% 20.4% 20.4% 

69.4% 61 .5% 62 .3% 57.4% 59.3% 

16.3% 26.9% 24 .5% 22.2% 20.4% 

(49) (52) (53) (54) (54) 
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Table 7.6: Percentage of accommodation centers surrounded by properties with significantly lower and 
bisher prices than properties located at border of assumed impact area, with significance level of 5%. 

Area size 

Center Type Prices adjacent to 
center are 

lkm 2km 3km 4km 5km 

Accommodation Center Significantly lower 

Equal 

Significantly higher 

(observations) 

Reception and Research Center Significantly lower 

Equal 

Significantly higher 

(observations) 

Add. Accommodation Center Significandy lower 

Equal 

Significantly higher 

(observations) 

Total Significantly lower 

Equal 

Significantly higher 

(observations) 

7.7% 7.7% 7.1% 7.1% 7.1% 

84.6% 76.9% 78.6% 85.7% 78.6% 

7.7% 15.4% 14.3% 7.1% 14.2% 

(13) (13) (14) (14) (14) 

0.0% 0.0% 0.0% 0.0% 0.0% 

100.0% 100.0% 100.0% 100.0% 100.0% 

0.0% 0.0% 0.0% 0.0% 0.0% 

(2) (3) (3) (3) (3) 

11.8% 13.9% 13.9% 24.3% 18.9% 

70.6% 58.3% 66.7% 48.6% 56.8% 

17.6% 27.8% 19.4% 27.0% 24.3% 

(34) (36) (36) (37) (37) 

10.2% 11.5% 11.3% 18.5% 14.8% 

75.5% 65.4% 71.7% 61.1% 64.8% 

14.3% 23.1% 17.0% 20.4% 20.4% 

(49) (52) (53) (54) (54) 

Table7.7: Percentage of accommodation centers surrounded by properties with lower and higher prices 

than properties located at border of assumed impact area.  
Area size 

Center Type Prices adjacent to 
center are 

lkm 2km 3km 4km 5km 

Accom modation Center Lower 

Higher 

(Observations) 

Reception and Research Center Lower 

Higher 

(Observations) 

Add.Accommodation Center Lower 

Higher 

(Observations) 

Total Lower 

Higher 

(Observations) 

61.5% 46.2% 14.3% 50.0% 57.1% 

38.5% 53.8% 85.7% 50.0% 42.9% 

(13) (13) (14) (14) (14) 

100.0% 100.0% 100.0% 100.0% 100.0% 

0.0% 0.0% 0.0% 0.0% 0.0% 

(2) (3) (3) (3) (3) 

44.1% 38.9% 50.0% 51.4% 51.4% 

55.9% 61.1% 50.0% 48.6% 48.6% 

(34) (36) (36) (37) (37) 

46.9% 42.3% 43.4% 56.3% 46.3% 

53.1% 57.7% 56.6% 43.8% 53.7% 

(49) (52) (53) (54) (54) 
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It turns out that, in the majority of observations, properties surrounding an 

accommodation center do not show significantly different prices compared to other 

properties. With use of a significance level of 5 percent, in between 70 and 90 percent of 

all Accommodation Centers, prices of surrounding properties do not differ from prices 

of more distant properties. Since the smaller Additional Accommodation Centers are 

located within more dense urban areas, these 37 areas are likely to have a lower degree of 

homogeneity with respect to each other. This might explain that for only 50 to 70 

percent of these centers adjacent properties do not differ significandy from more distant 

properties, compared to the 70 to 90 percent for the larger Accommodation Centers. 

Nevertheless, most centers seem to have no impact on prices of surrounding properties. 

The significant percentage price differences, attributable to the presence of an 

accommodation center, between most adjacent and most distant properties are displayed 

in Table 7.A.9 in the Appendix. 

A second inference concerns the size of the studied impact areas. For smaller impact 

areas, the percentage of centers without significant price differences is highest. This 

might be explained by the larger homogeneity for smaller areas: the larger the distance 

between two properties, the less likely it will be that both properties show the same 

location values. However, if accommodation centers truly would influence property 

prices, one would expect the reverse; since the impact of an externality is likely to 

decrease with distance, the percentage of cases with no significant price differences 

would not be the highest for the smallest distances. 

Finally, if estimated coefficients do differ significandy from zero, the signs of these 

estimates are more frequendy negative than positive. This means that relatively more 

centers could be classified as a 'positive externality', rather than as a 'negative externality'. 

However, if the sign of the estimates is classified without reference to their significance, 

negative and positive signs are distributed more or less equally, as appears from Table 

7.7. 

Combining these three inferences yields the conclusion that it does not matter for the 

price of a property whether it is located nearby a center for asylum seekers or not. In 

most cases the price will be the same if the property would have been located at a larger 

distance from the center. Only in a few cases there really is a significant difference, 

positive or negative. 

Additional analyses 
It is not only interesting to know if there is a price impact, but also when there will be a 

price impact. For example, is a center only a significant negative externality if properties 

are located very close to it? Or does it matter whether the center is located in a city or a 

village? 
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Table 7.8: Multinomial logistic regression estimates and classification tables 

Impact Observed impact 5% significance level 

predicted impact based on logistic regression 

Negative No impact Positive (Obser

impact impact vations) 

1km negative impact 60% 40% 0% P) 
no impact 3% 97% 0% (38) 

positive impact 17% 67% 17% (6) 

2km negative impact 25% 50% 25% m 
no impact 0% 97% 3% (33) 

positive impact 8% 50% 42% (12) 

3km negative impact 0% 80% 20% (5) 

no impact 0% 100% 0% (35) 

positive impact 0% 56% 44% (9) 

4km negative impact 22% 56% 22% (9) 

no impact 3% 93% 3% (29) 

positive impact 9% 45% 45% (11) 

5km negative impact 14% 71% 14% (7) 

no impact 3% 97% 0% (32) 

positive impact 10% 90% 0% (10) 

Amlysis of centers classified as 'negative price impact' and positive price impact' compared to 'no significant impactJor 
classification with a 5% significance level. Percentages printed in bold indicate correct predictions. For example, for a 1 km 
impact area, properties adjacent to 5 centers bave significantly lower prices; however, for 60 percent of these centers one could 
predict the center to be a negative externality based on its neighborhood characteristics. The other 40 percent of these 5 negative 
externalities would be classified as a 'no impact' center. 

These types of questions will be answered by performing a multinomial logistic 

regression. In this procedure, a dummy variable specifying whether a center has a 

negative, a positive or no price impact on surrounding properties is regressed on 

characteristics of the specific centers. The significance and sign of the resulting 

estimations indicate which characteristics have a predictive power, and classification 

tables reflect the strength of this power. The estimated coefficients could be interpreted 

as a sort of 'odds'; if a high and significant estimate for income would be found, this 

means that accommodation centers in high-income areas will have a higher probability of 

being perceived as a negative externality. A negative value would indicate that this 

probability is higher for low-income areas. 

However, Table 7.8 and Appendix Table 7.A.10 show that it is not possible to make 

general inferences regarding the questions above. Firstly, since the estimates do not differ 

from zero in most cases, and secondly since the significant estimates are contradictor}'. In 
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the 1-kilometer area, for example, both a relatively luxurious neighborhood and a low 

area income predict a higher probability of being perceived as a negative externality. 

Therefore, if a center for accommodation of asylum seekers is located in a villa area, the 

probability that the center has a negative impact on prices of surrounding properties is 

not larger than if the center would be located in another area. Odds rise for classification 

as a positive externality with both a higher share of elder elderly as a higher share of 

youth, and moreover, a luxurious neighborhood. Remarkable is that is the distance to the 

most nearby property is of no importance for the classification; it does not matter 

whether the property is located at 100 meters or 1 kilometer. Centers located in a village 

are just as many times perceived as a negative externality as centers located in a city. So, 

results are very weak. The 60 percent correct NIMBY-classification within the 1-

kilometer area is weakened by the conflicting estimates for locational attributes. For 

other areas, the number of correct predictions is much smaller than the number of 

incorrect predictions. 

Sales time and sellers discount 
Apparently, the nearby presence of centers for asylum seekers does not influence 

property prices, generally speaking. However, it might be that nearby presence has other 

influence on the housing market, like a longer sales time or a larger sellers discount. 

Therefore, we regressed sales time and realized premium on the proximity variable and a 

dummy, just as for the price analysis. Sales time is defined as the elapsed time in between 

the moment of offering the property for sale and the actual sale, and realized premium as 

the percentage difference between original ask price and final sales price. In a housing 

market with a supply shortage, potential buyers sometimes offer prices above the ask 

price of the seller. Nevertheless, this percentage difference usually is negative in our data 

set. In the regression we used the premium as dependent variable; the 'discount' in the 

charts and table is the negative value of this premium. 

Just as sales prices are corrected for many physical and locational characteristics, we will 

have to correct sales time and sellers discount too; some housing market segments and 

periods will show important differences, which are not meant to be captured by the 

estimate for proximity. Figures 7.6 and 7.7 show how different property types are with 

respect to these two dependent variables, and how these variables change over time. 

These figures show the results of the estimates of the stage I regression, in which a 

single-family row house is the default type, and January 1997 the default time period. 

Remarkable is that sales time and sellers discount change rather similarly with both 

property type and time period, and that most property types with low sales times and 

small discounts are multi-family properties. 

Table 7.A.11 specifies the estimated coefficients for proximity for each accommodation 

center, and therefore indicates how sales time and sellers discount move with distance to 

the accommodation center. Exactly the same procedure as used for price impact analysis 
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is used; a three-stage procedure with spatial autocorrelation techniques. For comparison 

purposes, the results are also shown for the price impact calculations. 
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The intuition behind the regression of sales time and premium on proximity is the same 

as with sales price analysis. A higher, so less negative, proximity indicates a larger 

distance, so a negative externality would cause a negative coefficient for sales time and a 

positive estimate for the premium. Only then, properties at a larger distance sell faster 

with a smaller price concession for the seller. Tables 7.9 and 7.A.11 show that only in a 

few cases, properties located close to an accommodation center take longer to sell with 

larger discounts; exactly for 6 centers, lower prices, longer sales times and larger 

discounts are found. However, for 8 centers, exactly the opposite results are found. 

We therefore conclude that nearby presence of an accommodation center does not 

influence prices, sales time and sellers discount in a majority of cases. About 10 to 20 
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percent of all centers are surrounded by properties with lower sales prices, and a slightly 

higher percentage of centers are surrounded by properties with higher sales prices. The 

sales time and sellers discounts of directly adjacent properties are seldom significantly 

different from more distant properties. 

Table 7.9: Classification of regression estimates, use of 5%-significance level. 

Center type 

Accommodation Center 

Research and Reception Center 

Add. Accommodation Center 

Total 

Obs Impact Percentage of cases 

Significantly negative 

Discount Sales time 

13 Significantly negative 7.7% 0% 
Insignificant 84.6% 84.5% 
Significandy positive 7.7% 15.4% 

2 Significantly negative 0.0% 0.0% 
Insignificant 100.0% 100.0% 
Significantly positive 0.0% 0.0% 

34 Significantly negative 5.9% 5.9% 
Insignificant 88.2% 94.1% 
Significantly positive 5.9% 0.0% 

49 Significantly negative 6.1% 4.1% 

Insignificant 87.8% 91.8% 
Significantly positive 6.1% 4.1% 

7.4 Summary and conclusions 

In this chapter we analyzed the impact of accommodation centers for asylum seekers on 

the sales prices of surrounding properties. We used information from 113,574 

transactions that occurred in the western part of the Netherlands during the years 1997 

through 1999, and studied all 55 accommodation centers that were in operation during 

this period. The applied spatial regression technique explicidy considers the distribution 

of property prices across space, which will yield more efficient parameter estimates. 

Our results suggest that centers for accommodation of asylum seekers generally do not 

have a negative impact on prices of surrounding properties. In the majority of all cases, 

we found that the presence does not significandy influence property prices at all. 

Moreover, for cases where distance to an accommodation center seems to be reflected in 

property prices, this impact is more often positive than negative. Whether this price 

impact is negative or positive could not be explained by neighborhood characteristics. It 

is possible that prices of adjacent villas are lower than comparable properties at a larger 

distance, but this probability is the same for properties of a lower housing market 
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segment. Therefore, if there is a truly negative impact of asylum seeker centers on 

surrounding properties, it will only be in some very specific and unpredictable cases. We 

do not exclude that the price discount is caused indeed by the center, but we show that 

this will be rather exceptional. 

Additional analysis shows that sellers of adjacent properties will not face other risks 

besides the exceptional lower price. The time it takes to sell such a property does not 

differ from comparable properties elsewhere. The difference between the original ask 

price and actual sales price is not significant either. 

A few notes remain. Additional insights could be gained from a study in which property 

prices are analyzed both before and after the opening of a center, the limited time array 

of our data set did not make this type of analysis possible. Moreover, we did not consider 

impact areas smaller than 1 kilometer, since this would result in an insufficient number of 

observations for this type of calculations. In a situation in which a number of properties 

are located directly adjacent to a negative externality, this will not show up in our analysis 

if this number is relatively small compared to the number of more distant properties. 

Besides, during the time period in our data set the Dutch housing market was booming; 

if market conditions worsen, it is unknown whether the market still does not price the 

nearby presence of asylum seekers' centers. 

Centers for asylum seekers are not just a matter for the Netherlands, but for many rich 

countries, especially in Europe. Most countries in Europe accommodate asylum seekers 

in large reception centers, and the inflow of new asylum seekers is likely to remain high. 

For example, the Dutch government is expecting an annual inflow of over 30,000 asylum 

seekers for the coming years. Although many of them will leave the Netherlands or 

integrate with the local population, annual inflow will exceed outflow by far. Since 

current reception centers are overcrowded, this implies a growing need for new centers. 

The number of incidents and legal claims is therefore very likely to increase. It will be 

obvious that this is a problem of major importance. However, we find that, generally 

speaking, these incidents and legal claims could not be justified in financial terms. 
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Appendix 

Appendix Table 7.A.1: Data description: screening of broker records. 

Housing 
characteristic 

Unrealistic value 

Parcel surface 

Volume 

Construction 

Sales time 

year 

Sales price 

Number oft 

20 i 

> 8,000 m3 or <= 24 m3 

volume/surface >12, 
in specific cases: volume = 
surface: too much coincidence 
if e.g. 465 

construction year>year of sale 
construction year<1500 

<1 day 

< Dfl 50,000 
in between Dfl 50,000 and Dfl 
100,000, surface>60 m2 and 
inner and outer maintenance is 
reasonable/good/excellent 

>10 rooms at first floor 
>10 rooms at second floor 

Codes for 'unkown' 

• 999 «9,999 »99,999 «999,999 
•9,999,999 »99,999,999 »1,111 

• 11,111 »111,111 .4,444 «6,666 
•8,888 .9,998 »22,222 »33,333 
•55,555 »88,888 »99,998 

•999 

•288,888 »888,888 »999,999 
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Appendix Table 7.A.2: Data description: physical properly attributes. 

Property characteristic Average SD Property characteristic Average SD 

Size indication 

Property characteristic Freq. % Freq. 
dummy dummy 

= 1 =1 

Property characteristic 

RßOMS Si\e 

Rooms on ground (first) floor 1.8 1.2 Property volume (m3) 337 157 

Rooms at second floor 1.9 1.4 Parcel size (m2) 196.7 581.8 

Rooms at third floor 0.5 0.8 

Rooms at fourth floor 0.0 0.2 

Freq. % Freq. 
dummy dummy 

=1 =1 

Housing type 

Single-family 

simple' 

row house' 

'mansion' 

5,048 

47,172 

12,334 

4.4% 

41.5% 

10.9% 

Multi-family 

ground floor dwelling unit' 

upper floor dwelling unit' 

ground and upper floor dw. unit' 

4,811 

5,944 

267 

4.2% 

5.2% 

0.2% 

villa' 4,504 4.0% stairwell dwelling unit' 797 0.7% 

'country house' 

'country estate' 

'bungalow' 

675 

14 

739 

0.6% 

0.0% 

0.7% 

maisonnette' 

service flat' 

flat in building with elevator' 

3,071 

172 

8,174 

2.7% 

0.2% 

7.2% 

'bungalow with patio' 

'semi bungalow' 

'split level' 

400 

1,002 

207 

0.4% 

0.9% 

0.2% 

flat in building w.o. elevator' 

apartment' 

9,051 

7,486 

8.0% 

6.6% 

'meander' 39 0.0% Other 

'property with office' 248 0.2% other' 57 0.1% 

'house with built-in garage' 812 0.7% 

'farm house' 270 0.2% 

'canal house' 280 0.3% 

Facilities 

Garage 

No garage, or unknown 

Connected garage of bricks 

92,332 

6,719 

81.3% 

5.9% 

Garden sun position 

No garden, unknown, or North 

Northeast 

42,113 

4,973 

37.1% 

4.4% 

Detached garage of bricks 7,845 6.9% East 9,458 8.3% 

Connected garage of wood 235 0.2% Southeast 9,973 8.8% 

Detached garage of wood 775 0.7% South 17,765 15.6% 

Built-in garage 5,668 5.0% Southwest 

West 

11,869 

12,552 

10.5% 

11.1% 

Bathrooms Northwest 4,871 4.3% 

No bathroom, or unknown 29,438 25.9% 

1 bathroom 

2 bathrooms 

72,691 

10,336 

64.0% 

9.1% 

Garden length 

No garden, or unknown 34,906 30.7% 

3 bathrooms 1,069 0.9% 1 to 5 meters 5,962 5.3% 

4 or more bathrooms 40 0.0% 5 to 10 meters 

10 to 15 meters 

25,601 

33,465 

22.5% 

29.5% 

Heating 15 to 20 meters 7,684 6.8% 

Central heating 99,942 88.0% 20 to 50 meters 4,415 3.9% 

Gas heater 13,632 12.0% 50 meters or larger 1,541 1.4% 

No open fireplace 

Open fireplace 

98,994 

14,580 

87.2% 

12.8% 
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Appendix Table 7.A.2 continued. 

Property characteristic Freq. 
dummy 

=1 

% Freq. 
dummy 

Property characteristic Freq. % Freq. 
dummy dummy 

=1 =1 

Maintenance 

Interior Exterior 
Unknown 217 0.2% Unknown 246 0.2% 
Excellent 18,124 16.0% Excellent 16,151 14.2% 
Good 81,324 71.6% Good 86,233 75.9% 
Reasonable 11,410 10.1% Reasonable 9,257 8.2% 
Mediocre 2,153 1.9% Mediocre 1,456 1.3% 
Bad 346 0.3% Bad 231 0.2% 

Other 

Construction year Sales moment 

1500-1550 6 0.0% January 1997 2,729 2.4% 
1550-1600 12 0.0% February 1997 2,970 2.6% 
1600-1650 104 0.1% March 1997 2,819 2.5% 
1650-1700 172 0.2% April 1997 3,143 2.8% 
1700-1750 143 0.1% May 1997 2,953 2.6% 
1750-1800 134 0.1% June 1997 3,174 2.8% 
1800-1850 158 0.1% July 1997 3,201 2.8% 
1850-1900 2,666 2.4% August 1997 2,664 2.4% 
1900-1910 4,347 3.8% September 1997 3,196 2.8% 
1910-1920 3,429 3.0% October 1997 3,287 2.9% 
1920-1930 9,763 8.6% November 1997 3,037 2.7% 
1930-1940 16,514 14.5% December 1997 2,742 2.4% 
1940-1950 863 0.8% January 1998 3,372 3.0% 
1950-1960 8,546 7.5% February 1998 3,567 3.1% 
1960-1970 16,170 14.2% March 1998 3,993 3.5% 
1970-1980 17,984 15.8% April 1998 3,803 3.4% 
1980-1990 19,118 16.8% May 1998 3,744 3.3% 
1990-2000 13,445 11.8% June 1998 3,887 3.4% 

July 1998 3,862 3.4% 
Time to market (days) 58 69.8 August 1998 3,178 2.8% 

September 1998 3,745 3.3% 
Saks condition October 1998 4,046 3.6% 
Transaction costs for buyer 113,258 99.7% November 1998 3,803 3.4% 
Transaction costs for seller 316 0.3% December 1998 3,491 3.2% 

January 1999 3,459 3.1% 
Ground February 1999 3,564 3.1% 
Ground owner unknown 28,005 24.7% March 1999 3,884 3.4% 
Ground owned 75,695 66.7% April 1999 3,376 3.0% 
Ground leased, fixed term 8,461 7.5% May 1999 3,203 2.8% 
Ground leased, floating term 1,413 1.2% June 1999 3,405 3.0% 

July 1999 2,967 2.6% 
Monument August 1999 2,146 1.9% 
No monument 112,527 99.1% September 1999 2,144 1.9% 
Monument 1,047 0.9% October 1999 2,170 1.9% 

November 1999 1,772 1.6% 

December 1999 1,078 1.0% 
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Appendix Table 7.A.3: Ideational attributes for transacted properties. 

Var iab le d e s c r i p t i o n Variable 

name 

SFLUX 

D a t a 

s o u r c e 

M e a n S D 

Kadaster Percentage of surrounding transactions involving luxurious 

a n d NVM single-family properties2. Transactions occurred within square 

area with 200-meter sides, with the property at the heart. 

DIFF SFLUX Kadaster SFLUX for a squared area with 200-metet sides minus SFLUX 

a n d NVM defined for a square with 1,000-meter sides. If SFLUX is high, 

low positive values of DIFF_SFLUX indicate that the property 

is located within a villa area, and not at the border. 

SFREG Kadaster Percentage of surrounding transactions involving regular single

and NVM family properties. Transactions occurred within square area 

with sides of 200 meters, with property at the heart. 

DIFF S F R E G Kadaster SFREG for a square with 200 meter sides minus SFREG 

a n d i W M defined for a squared with 1,000 meter sides. If SFREG is 

high, low values of DIFF_SFREG indicate that the property is 

located within an area with regular owner-occupied single-

family dwellings, and not at the border. 

17.2% 27.4% 

0 . 2 % 2 1 . 1 % 

4 7 . 1 % 3 9 . 8 % 

0 .2% 2 6 . 8 % 

DENS Kadaster 

and NVM 

D1FF_DENS Kadaster 

ma NVM 

CITY Kadaster 

and 

\j}catus 

SHOPS Kadaster 

and 

ljocatus 

PERS_HOUS CBS 

1PERS CBS 

65PLUS CBS 

WESTJMM CBS 

NONW IMM CBS 

Number of transactions within squared area with 200 meter 14.19 12.42 

sides, with property at the heart 

D E N S defined for squared area with 200-meter sides, divided 0.13 0.12 

by D E N S defined for squared area with 1,000-meter sides. If 

D E N S is high, small values of D1FF_DENS indicate that the 

property is located within a fairly large urban area, and not at 

the border. 

Straight-line distance to the center of the nearest of the 8 9.2 7.2 

largest cities3, measured in kilometers to the heart of the main 

shopping area. In Dutch cities, main shopping areas usually are 

city centers 

Straight-line distance to the nearest agglomeration of shops, 0.7 0.6 

measured in kilometers. 

Average number of persons per household. 2.3 0.4 

Percentage of households consisting of 1 person. 3 5 . 6 % 1 4 . 0 % 

Percentage of population of above 65 years. 1 3 . 7 % 6 . 1 % 

Percentage of population immigrated from western countries. 9 . 7 % 4 . 0 % 

Percentage of population immigrated from non-western 9 .2% 9 . 0 % 

countries. 

2 As ' luxurious', all de t ached a n d semi-de tached p rope r ty types were selected, just as 'canal ' h o u s e s . All 

other single-family p rope r ty types were cons ide red to be 'regular ' . 
3 These cities are A m s t e r d a m , R o t t e r d a m , T h e H a g u e , U t rech t , Leiden, H a a r l e m , Alkmaar and Hi lve r sum. 
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Appendix Table 7.A.4: Data description: Properties and nearest accommodation centers. 

Center Number of properties within distance range of center Statistici (km) 

Min Max 

Accommodation Centers 

Min Max 0m- 100m- 500m- 1km- 2km- 3km- 4km- >5km Min Max Selec 
100m 500m 1km 2km 3km 4km 5km dist dist ted 

1 - _ No 
2 0 0 6 41 52 81 101 5,301 0.60 29.93 Yes 
3 0 0 18 103 208 300 334 3,337 0.69 29.74 Yes 
4 0 0 60 413 35 0 0 5,875 0.59 57.88 Yes 
5 0 7 85 339 370 284 252 7,839 0.35 40.20 Yes 
6 0 0 1 23 48 56 67 2,444 0.82 83.66 Yes 
7 0 31 67 147 36 71 79 2,594 0.15 26.86 Yes 
8 0 13 60 255 396 292 728 31,235 0.22 105.75 Yes 
9 0 14 117 626 394 136 100 1,598 0.30 23.31 Yes 
10 0 0 0 0 3 54 94 4,297 2.41 80.01 Yes 
11 0 14 31 133 196 65 11 5,532 0.12 29.29 Yes 
12 0 0 6 11 8 27 23 3,057 0.60 42.59 Yes 
13 0 65 179 201 40 74 174 10,520 0.25 52.70 Yes 
14 0 0 44 163 210 600 1024 17,558 0.63 57.79 Yes 
15 2 28 6 6 2 3 21 2,157 0.05 35.29 Yes 

Reception and Research Centers 

0m- 100m- 500m- 1km- 2km- 3km- 4km- >5km Min Max Selec 
100m 500m 1km 2km 3km 4km 5km dist dist ted 

1 0 0 1 10 9 7 8 653 0.55 126.44 Yes 
2 0 0 15 52 41 48 80 1,399 1.08 69.74 Yes 

3 0 18 0 13 16 94 212 45,391 0.23 151.25 Yes 

Additional Accommodation Centers 

0m- 100m- 500m- 1km- 2km- 3km- 4km- >5km Min Max Selec 
100m 500m 1km 2km 3km 4km 5km dist dist ted 

1 0 0 9 11 91 57 96 1,765 0.82 14.00 Yes 

2 0 0 0 0 0 2 5 1 3.40 7.22 Yes 

3 2 148 298 485 448 494 83 1,921 0.04 13.17 Yes 

4 2 298 353 784 823 493 341 761 0.05 9.62 Yes 

5 0 1 0 0 2 0 44 23 0.12 11.56 Yes 

6 3 11 0 0 0 0 0 4 0.03 7.23 Yes 

7 0 1 0 23 47 64 74 250 0.22 9.31 Yes 

8 1 42 80 174 15 359 1,064 2,329 0.06 15.27 Yes 

9 0 4 15 3 4 19 1 579 0.35 28.58 Yes 

10 3 41 40 46 41 166 699 3144 0.03 11.61 Yes 

11 1 19 51 103 35 44 36 205 0.04 12.04 Yes 

12 2 10 2 9 83 146 157 291 0.08 12.33 Yes 

13 0 2 3 0 0 1 7 15 0.38 8.75 Yes 

14 0 0 0 0 0 0 0 9 5.23 9.46 No 

15 0 2 15 8 0 3 1 32 0.34 13.44 Yes 

16 5 48 106 186 139 147 101 68 0.06 8.82 Yes 

17 17 21 225 306 12 91 582 3,451 0.03 22.32 Yes 

18 0 23 18 29 145 332 319 855 0.21 13.35 Yes 

19 0 0 0 2 0 4 1 18 1.13 7.69 No 

20 5 159 383 755 1,026 1,025 260 1,504 0.09 9.44 Yes 
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/W""" 
0m- 100m- 500m- 1km- 2km- 3km- 4km- >5km Min Max Selec 

100m 500m 1km 2km 3km 4km 5km dist dist ted 

21 0 104 166 343 247 319 332 859 0.12 10.47 Yes 

22 2 55 169 629 736 256 33 989 0.08 14.94 Yes 

23 
24 

1 0 3 7 0 2 7 37 0.07 10.46 Yes 23 
24 1 15 4 17 74 12 50 1,514 0.09 41.71 Yes 

25 1 47 32 24 142 531 990 4,497 0.04 25.39 Yes 

26 0 1 3 4 17 49 49 315 0.19 15.02 Yes 

27 18 92 100 41 1 13 0 58 0.02 13.23 Yes 

28 3 5 8 18 83 118 187 11,031 0.03 43.55 Yes 

29 0 40 167 488 184 80 106 1,666 0.10 29.37 Yes 

30 7 141 481 668 564 506 183 4,011 0.07 34.90 Yes 

31 0 0 0 6 23 11 1 687 1.76 23.90 Yes 

32 0 7 15 264 606 503 738 10,914 0.28 35.19 Yes 

33 0 5 7 22 0 0 8 544 0.18 19.77 Yes 

34 5 85 198 1,005 2,637 2,443 1,120 4,242 0.03 16.85 Yes 

35 57 165 464 429 265 946 1,201 5,972 O.Ol 35.38 Yes 

36 8 117 104 236 201 196 319 3,532 0.04 19.26 Yes 

37 2 30 102 485 848 552 127 2,027 0.07 17.92 Yes 

38 0 1 15 49 274 315 154 685 0.47 19.57 Yes 
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Appendix Table 7.A.5: Data description: More information about selected centers for asylum 

seekers and neighborhood. 
Center Welfare direct surroundings Population density direct 
information 
Location 

surroundings information 
Location luxurious luxurious Income nearest 100th Population 

accuracy within. 1 within 4 (€1,000) house nearest density 

km2<%) km2 (%) (km) house 
(km) 

(p. kni) 

(D (2) (3) (4) (5) (6) 0) (D (2) (3) (4) 

Accommodation Center 

2 Parcel 0.0 0.0 20.0 0.5 1.6 4,348 

3 Property 100.0 31.4 32.4 0.4 1.1 956 
4 Property / 16.5 22.0 0.6 1.1 1,327 

5 Parcel 52.6 17.6 22.8 0.1 0.9 3,095 

6 Property 100.0 47.9 34.4 0.4 1.3 437 
7 Parcel 7.6 17.8 26.6 0.1 0.4 953 
8 Property 100.0 35.2 25.1 0.2 1.3 1,921 

9 Parcel 16.7 15.0 28.5 0.3 0.9 477 
10 Property / / 31.8 1.2 2.4 515 
11 Property 0.0 5.2 26.7 0.5 1.0 1,245 

12 Property 100.0 27.7 28.3 0.6 1.6 1,268 

13 Zip 6 pos 8.2 7.2 27.5 0.0 0.6 957 
14 Property 0.0 3.1 20.1 0.4 1.2 2,846 

15 Zip 4 pos 50.0 28.6 25.8 0.5 5.3 182 

Reception and Research Center 

1 Parcel 76.3 38.8 23.1 0.1 0.8 5,279 

2 Zip 6 pos 8.9 15.7 21.4 0.3 0.6 6,522 

3 Parcel / / 25.7 1.3 3.5 455 

Additional Accommodation Center 

1 Property 0.0% 28.6% 27.0 0.8 2.4 706 
2 Property 16.0% 25.5% 23.1 0.2 3.1 1,917 

3 Property 14.5% 13.4% 23.1 0.0 0.3 4,991 

4 Property 9.2% 14.1% 23.1 0.0 0.3 4,991 

5 Property 46.2% 53.3% 27.0 0.1 4.7 432 

6 Property 53.3% 53.3% 27.0 0.0 4.7 432 

7 Property 0.0% 33.3% 25.8 0.2 2.4 363 
8 Property 56.3% 51.8% 27.0 0.1 0.9 432 

9 Property 0.0% 18.2% 25.7 0.3 7.6 118 

10 Parcel 11.3% 13.8% 24.2 0.0 1.4 1,813 

11 Zip 6 pos 10.3% 15.0% 22.8 0.0 0.4 3,095 

12 Property 7.1% 7.1% 25.2 0.1 2.9 273 

13 Property 20.0% 14.3% 22.3 0.2 14.6 84 

15 Property 14.3% 14.3% 22.3 0.2 15.3 84 

16 Property 6.8% 10.7% 24.6 0.1 0.8 916 

17 Property 9.6% 9.7% 24.2 0.0 0.3 1,813 

18 Property 1.8% 16.7% 28.1 0.0 0.6 1,411 

19 Parcel 1.8% 2.1% 20.0 0.0 0.8 4,348 

20 Property 7.7% 7.4% 20.0 0.0 0.4 4,348 

21 Property 9.9% 6.9% 20.0 0.1 0.4 4,348 

22 Property 45.0% 25.3% 24.3 0.1 0.7 2,805 

23 Property 0.0% 50.0% 23.5 0.1 10.3 314 

24 Parcel 17.6% 20.0% 26.5 0.1 2.7 207 

25 Property 23.0% 18.5% 27.5 0.0 0.7 434 

26 Property 100.0% 28.6% 24.4 0.2 3.9 299 

27 Property 7.1% 16.3% 23.8 0.0 0.2 484 

28 Property 62.5% 50.0% 28.7 0.0 2.7 577 
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Append 'ix Table 7'.AS'continued. 

Location 
accuracy 

(1) 

29 Zip 6 pos 

30 Extern 

31 Property 

32 Property 

33 Property 
34 Property 

35 Property 
36 Property 
37 Property 
38 Zip 6 pos 

luxurious 
within 1 
km2 (%) 

(2) 

1.7% 
11.0% 
0.0% 

12.5% 
13.3% 
4.4% 

10.5% 
12.4% 
25.8% 
12.5% 

luxurious Income 

within 4 (€1,000) 
km2 (%) 

(3) 

5.3% 
14.1% 
0.0% 

20.0% 
15.6% 

8.2% 
7.1% 

12.2% 
21.2% 

6.3% 

(4) 

22.0 
22.0 
25.7 
26.9 
24.4 
21.4 
21.9 
25.5 
23.1 
20.1 

nearest 
house 

(km) 

(5) 

0.1 
0.1 
1.6 
0.3 
0.2 
0.0 
0.0 
0.0 
0.1 
0.4 

100th 
nearest 

house 
(km) 

(6) 

0.5 
0.3 
3.3 
1.6 
5.3 
0.6 
0.2 
0.4 
0.6 
1.3 

Population 
density 
(p. km2) 

(J) 

3,789 
3,789 

411 
3,592 

268 
6,522 
4,118 
3,033 
5,279 
2,846 
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Appendix Table 7.A.6: Results: Estimated coefficients for physical attributes and time. 

Property characteristic estimate t-val prob Property characteristic estimate t-val prob 

Size indication 

Rooms 

Rooms on ground (1st) floor 

Rooms at second floor 

Rooms at third floor 

Rooms at fourth floor 

$ke 

3.2% 33.73 0.000 Property volume (m3) 0.1% 141.39 0.000 

2.5% 23.58 0.000 Parcel size (m2) 0.005% 35.51 0.000 

2.4% 21.05 0.000 

4.7% 10.00 0.000 

Housing type 

Single-family Multi-family 

simple' -7.4% -21.08 0.000 'ground floor dwelling unit' -14.4% -33.35 0.000 

row house' default 'upper floor dwelling unit' -10.2% -22.75 0.000 

mansion' 6.5% 21.02 0.000 'ground and upper fl. dw. unit' -7.3% -5.39 0.000 

villa' 25.1% 47.97 0.000 'stairwell dwelling unit' -27.5% -35.89 0.000 

country house' 25.2% 23.30 0.000 'maisonnette' -9.3% -18.30 0.000 

countrv estate' 1.9% 0.31 0.760 'service flat' -25.7% -16.66 0.000 

bungalow' 29.0% 28.13 0.000 'apartment in bid. w. elevator' -11.4% -24.24 0.000 

bungalow with patio' 9.2% 7.60 0.000 'apartment in bid. wo. elevator' -18.1% -41.34 0.000 

semi bungalow' 20.7% 24.22 0.000 'luxurious apartment' -10.2% -22.29 O.O00 

split level' -0.5% -0.34 0.733 

meander' 3.4% 0.93 0.355 'Otherl ' -19.3% -6.784 O.000 

property w. in-home office' -1.0% -0.71 0.479 'Other2' -45.9% -6.131 0.000 

house with built-in garage' -0.7% -0.82 0.412 

farm house' 8.9% 5.79 0.000 

canal house' 6.0% 4.15 0.000 

Facilities 

Garage Garden sun position 

No garage, or unknown default No garden, unknown, or North default 

Connected garage of bricks 13.9% 41.68 0.000 Northeast -0.4% -1.16 0.245 

Detached garage c f bricks 17.4% 56.04 0.000 East 0.6% 1.92 0.055 

Connected garage of wood 14.1% 8.99 0.000 Southeast 1.5% 5.01 0.000 

Detached garage c f wood 18.6% 20.63 0.000 South 2.5% 9.38 0.000 

Built-in garage 14.6% 38.72 0.000 Southwest 

West 

2.3% 

2.0% 

7.85 0.000 

6.93 0.000 

Bathrooms Northwest 1.2% 3.11 0.002 

No bathroom -9.4% -51.56 0.000 

1 bathroom default Garden length 

2 bathrooms 3.9% 15.12 0.000 No garden, or unknown default 

3 bathrooms 7.4% 10.20 0.000 1 to 5 meters 3.3% 8.39 O.OOO 

4 or more bathrooms -6.1% -1.79 0.074 5 to 10 meters 3.9% 11.17 0.000 

10 to 15 meters 4.7% 13.15 0.000 

Heating 15 to 20 meters 9.7% 22.81 0.000 

Central hearing default 20 to 50 meters 17.6% 34.84 O.OOO 

Gas heater -8.0% -36.14 0.000 50 meters or larger 7.7% 11.14 0.000 

N o open fireplace default 

Open fireplace 3.7% 17.16 0.000 
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Property 

Table 7-A.6 continued. ___ 
characteristic estimate t-val prob Property characteristic estimate t-val prob 

Maintenance 

Interior 
Unknown 
Excellent 
Good 
Reasonable 

Mediocre 

Bad 

Construction year 

15004550 

1550-1600 

1600-1650 

1650-1700 

1700-1750 

1750-1800 

1800-1850 

1850-1900 

1900-1910 

1910-1920 

1920-1930 

1930-1940 

1940-1950 

1950-1960 

1960-1970 

1970-1980 

1980-1990 

1990-2000 

Time to market (days) 

Exterior 

-1.5% -0.76 0.448 Unknown 

6.3% 22.03 0.000 Excellent 

default 

-4.9% -18.61 0.000 

Good 
Reasonable 

-7.3% -12.5 0.000 Mediocre 

12.8% -8.52 0.000 Bad 

Other 

37.8% 

17.7% 

18.1% 

20.7% 

17.0% 

17.5% 

14.7% 

7.7% 

8.4% 

2.5% 

3.3% 

1.8% 

-0.7% 

0.0% 

2.6% 

default 

6.0% 

18.7% 

3.50 

2.51 

7.31 

10.47 

8.08 

7.98 

7.53 

14.30 

18.73 

5.50 

10.22 

6.35 

-0.88 

0.10 

10.01 

0.001 

0.012 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.381 

0.921 

0.000 

0.000 

23.68 0.000 

60.87 0.000 

-0.03% -26.87 0.000 

Sales condition 
Transaction costs for buyer default 
Transaction costs for seller 13.66% 10.05 0.000 

Ground 

Ground owner unknown 

Ground owned 

Ground leased, fixed term 

Ground leased, floating 

Monument 

No monument 

Monument 

Regression constant 

2.94% 
default 

•2.51% 
•4.79% 

default 

16.5% 

17.49 0.000 

-9.31 0.000 

-8.01 0.000 

19.00 0.000 

11.840 1,625.2 0.000 

Sales moment 

January 1997 

Februar)' 1997 

March 1997 

April 1997 

May 1997 

June 1997 

July 1997 

August 1997 

September 1997 

October 1997 

November 1997 

December 1997 

January 1998 

Februar 1998 

March 1998 

April 1998 

May 1998 

June 1998 

July 1998 

August 1998 

September 1998 

October 1998 

November 1998 

December 1998 

Januar)'1999 

Februar)' 1999 

March 1999 

April 1999 

May 1999 

June 1999 

July 1999 

August 1999 

September 1999 

October 1999 

November 1999 

December 1999 

-6.3% -3.50 0.001 

3.6% 11.99 0.000 

default 

-6.1% -21.06 0.000 

-8.7% -12.62 0.000 

-10.1% -5.44 0.000 

default 

1.7% 

2.5% 

4.6% 

4.7% 

6.1% 

5.7% 

7.2% 

6.7% 

8.1% 

8.7% 

7.7% 

8.8% 

10.0% 

10.2% 

12.1% 

13.1% 

14.4% 

14.8% 

15.4% 

17.0% 

19.3% 

21.1% 

20.7% 

20.4% 

22.5% 

24.3% 

26.5% 

28.1% 

31.4% 

31.6% 

34.2% 

36.7% 

34.8% 

37.0% 

38.9% 

2.79 

4.18 

7.71 

7.73 

10.15 

9.55 

11.33 

11.04 

13.47 

14.11 

12.18 

14.57 

16.79 

17.53 

20.36 

21.77 

24.02 

24.55 

24.39 

27.68 

31.60 

33.90 

32.65 

32.16 

35.30 

38.50 

40.38 

42.15 

47.00 

45.83 

45.09 

47.92 

45.90 

45.59 

40.39 

0.005 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

The adual coefficients concern log changes, which are transformed into percentages in this table by EXPß)-
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Appendix Table 7.A. 7: Results: Estimated coefficients 

for locational attributes. 
Property characteristic estimate t-val prob 

'Neighborhood housing stock 
Absolute luxurious SF 0.3% 0.69 0.488 
Relative luxurious SF -2.22% -4.84 0.000 
Absolute regular SF 37.4% 49.24 0.000 
Relative regular SF -19.6% -34.52 0.000 
Absolute housing density -0.23% -32.47 0.000 
Relative housing density 9.7% 13.73 0.000 

Amenities 
Distance to city center -0.7% -62.94 0.000 
Distance to shops -0.3% -2.23 0.026 

Neighborhood population 
Average household size 53.8% 48.90 0.000 
Share one-person households 277.6% 57.54 0.000 
Share elderly people 27.3% 15.49 0.000 
Western immigrants 336.4% 60.41 0.000 
Non-western immigrants -52.3% -79.10 0.000 

The actual coefficients concern log changes, which are transformed into 
percentages in this table by EXP(B)-1. 
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Appendix Table 7.A.8: Estimated coefficientsfor linear proximity. 

/*** - /% sign, **—5% sign, *=10% sign). A positive coepßäent indicates a negative externality, 
ana vice versa. Number op observations within impact area in between brackets. 

Center Area size 

1 k m 2 km 3 km 4 km 5 km 

Accommoc ation Center 

2 -1.008 -0.119 * -0.065 ** -0.029 * 0.006 

(6) (47) (99) (180) (281) 

3 0.249 -0.107 ** -0.009 0.012 -0.004 
(18) (121) (329) (629) (963) 

4 0.589 * 0.265 *** 0.092 0.092 0.092 
(60) (473) (508) (508) (508) 

5 -0.025 -0.018 -0.011 0.008 0.003 
(85) (424) (794) (1078) (1330) 

6 253.752 0.100 -0.005 -0.016 -0.002 

(1) (24) (72) (128) (195) 

7 0.143 * 0.007 -0.017 0.009 0.001 
(67) (214) (250) (321) (400) 

8 -0.220 -0.137 ** -0.107 *** -0.069 *** -0.033 *** 
(60) (315) (711) (1003) (1731) 

9 -0.252 * 0.005 -0.003 0.010 -0.019 ** 
(117) (743) (1137) (1273) (1373) 

10 -0.409 -0.048 -0.028 

(0) (0) (3) (57) (151) 

ll -0.055 -0.033 -0.015 0.000 0.008 
(31) (164) (360) (425) (436) 

12 3.965 *** 0.048 0.048 -0.018 -0.008 

(6) (17) (25) (52) (75) 

13 0.065 0.004 -0.009 -0.010 -0.001 
(179) (380) (420) (494) (668) 

14 -0.636 *** -0.037 0.114*** 0.057 *** 0.037 *** 
(44) (207) (417) (1017) (2041) 

15 -0.276 -0.101 0.043 0.000 -0.004 

(6) (12) (14) (17) (38) 

Reception and Research Center 

1 36,612 

(1) 

0,103 
(11) 

-0,009 
(20) 

-0,023 
(27) 

-0,022 
(35) 

2 0,019 
(15) 

0,000 
(67) 

-0,001 
(108) 

-0,010 
(156) 

-0,002 
(236) 

3 

(0) 

-0,200 
(13) 

0,052 
(29) 

-0,011 
(123) 

-0,015 
(335) 

Additional Accommodat ion Center 

1 0,518 

(9) 

0,191 *** 
(20) 

0,100 *** 
(111) 

0,051 * 
(168) 

0,045 *** 
(264) 

2 

(0) (0) (0) 

-0,086 

(2) 

0,221 * 

(7) 
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Appendix Table 7.A.8 continued (1). 
1 k m 2 k m 3 km 4 k m 5 km 

3 -0,432 *** 
(448) 

-0,086 *** 
(933) 

0,016 
(1381) 

0,002 
(1875) 

-0,001 
(1958) 

4 0,344 *** 
(653) 

-0,046 
(1437) 

0,010 
(2260) 

-0,013 
(2753) 

-0,020 ** 
(3094) 

5 49,507 

(1) 

-126,713 * 

(1) 

0,107 

(3) 

0,107 

(3) 

-0,028 
(47) 

6 -0,179 
(14) 

-0,172 
(14) 

-0,179 
(14) 

-0,178 
(14) 

-0,178 
(14) 

7 -37,308 

(1) 

-0,022 
(24) 

0,033 
(71) 

0,049 ** 
(135) 

0,016 
(209) 

8 -0,307 ** 
(123) 

-0,124* 
(297) 

-0,073 * 
(312) 

-0,099 *** 
(671) 

-0,069 *** 
(1735) 

9 -0,645 ** 
(19) 

-1,115 *** 
(22) 

-0,045 
(26) 

0,025 
(45) 

-0,036 
(46) 

10 0,024 
(84) 

-0,022 
(130) 

0,040 
(171) 

0,008 
(337) 

0,000 
(1036) 

11 0,053 
(71) 

-0,003 
(174) 

0,000 
(209) 

0,008 
(253) 

0,010 
(289) 

12 -0,015 
(14) 

0,041 
(23) 

0,126 *** 
(106) 

0,099 *** 
(252) 

0,029 
(409) 

13 -0,089 

(5) 

-0,090 

(5) 

-0,092 

(5) 

0,185 ** 

(6) 

-0,039 
(13) 

15 -0,259 
(17) 

-0,050 
(25) 

-0,050 
(25) 

0,037 
(28) 

0,049 * 
(29) 

16 0,005 
(159) 

0,016 
(345) 

0,000 
(484) 

0,004 
(631) 

0,007 
(732) 

17 -0,059 
(263) 

-0,032 
(569) 

-0,098 *** 
(581) 

-0,039 ** 
(672) 

0,005 
(1254) 

18 -0,139 
(41) 

-0,084 ** 
(70) 

-0,052 *** 
(215) 

-0,027 *** 
(547) 

-0,009 
(866) 

19 

(0) 

1,095 

(2) 

1,100 

(2) 

0,125 ** 

(6) 

0,075 

(7) 

20 -0,009 
(547) 

0,055 *** 
(1302) 

-0,005 
(2328) 

-0,051 *** 
(3353) 

-0,056 *** 
(3613) 

21 -0,386 *** 
(270) 

-0,117*** 
(613) 

-0,133 *** 
(860) 

-0,097 *** 
(1179) 

-0,036 *** 
(1511) 

22 0,350 *** 
(226) 

0,180 *** 
(855) 

0,103 *** 
(1591) 

0,039 ** 
(1847) 

0,061 *** 
(1880) 

23 -0,466 ** 

(4) 

-0,080 
(11) 

-0,080 

(») 
-0,068 

(13) 
-0,020 

(20) 

24 0,264 
(20) 

-0,141 ** 
(37) 

-0,113** 
(111) 

-0,124 *** 
(123) 

-0,064 *** 
(173) 

25 0,086 
(80) 

0,128 *** 
(104) 

0,022 
(246) 

0,011 
(777) 

-0,019 *** 
(1767) 

26 1,316*** 

(4) 

-0,261 ** 

(8) 

0,035 
(25) 

0,018 
(74) 

0,020 
(123) 

27 0,028 
(210) 

0,047 
(251) 

0,035 
(252) 

0,063 *** 
(265) 

0,063 *** 
(265) 

28 -0,095 
(16) 

-0,105 
(34) 

-0,071 * 
(117) 

-0,029 
(235) 

0,001 
(422) 
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- " — 1 k m 2 k m 3 km 4 km 5 k m 

29 0,037 
(207) 

-0,040 ** 
(695) 

-0,040 *** 
(879) 

-0,025 *** 
(959) 

-0,011 ** 
(1065) 

30 -0,072 * 
(629) 

-0,031 *** 
(1297) 

-0,029 *** 
(1861) 

-0,019 *** 
(2367) 

-0,017 *** 
(2550) 

31 
(0) 

0,667 

(6) 

-0,158 * 
(29) 

-0,091 
(40) 

-0,125 ** 
(41) 

32 -0,022 
(22) 

0,082 
(286) 

0,015 
(892) 

0,024 
(1395) 

0,022 * 
(2133) 

33 -0,063 
(12) 

-0,033 
(34) 

-0,033 
(34) 

-0,034 
(34) 

0,057 *** 
(42) 

34 0,372 *** 
(288) 

0,206 *** 
(1293) 

0,120 *** 
(3930) 

0,051 *** 
(6373) 

0,048 *** 
(6485) 

35 0,110 
(686) 

-0,166 *** 
(1115) 

0,031 * 
(1380) 

0,114*** 
(2326) 

0,073 *** 
(3527) 

36 -0,576 *** 
(229) 

-0,131 *** 
(465) 

-0,093 *** 
(666) 

-0,056 *** 
(862) 

0,011 
(1181) 

37 -0,061 
(134) 

0,025 
(619) 

0,020 ** 
(1467) 

0,019 *** 
(2019) 

0,011 ** 
(2146) 

38 0,271 
(16) 

0,032 
(65) 

-0,030 * 
(339) 

-0,021 ** 
(654) 

-0,008 
(808) 
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Appendix Table 7.A.9: Estimated percentage difference between closest and most distant 

observations in assumed impact area. 

f are only depicted for significant coefficients. Also given are the number of observations within impact area in 
between brackets, and the significance level of the coeffidents by means of stars. *— 10%-significant, ** — 5%-significanî, 
***_ 7 % significant 

Center Area size 

1km 2 km 3 km 4 k m 5 km 

Accommodat ion Center 

2 - 17,9% * 16,7% ** 10,2% * 
(47) (99) (180) 

3 - 15,1% ** 
(121) 

- -

4 -21,3% * -31,0% *** - -
(60) (473) 

5 - - - -

6 - - - -

7 -11,4%* 
(67) 

- - -

8 - 27,7% ** 34,5% *** 30,1% * 
(315) (711) (1003) 

9 19,3% * 
(117) 

- - -

10 - - - -

11 - - - -

12 -63,% *** 

(6) 
- - -

13 - - - -

14 47 9 *** _ -25 7 *** -18,8%* 
(44) (417) (1017) 

15 - - - -

17,4% *** 
(1731) 

9,2% ** 
(1373) 

-15,8%*** 
(2041) 

Reception and Research Center 

Additional Accommodation Center 

1 - -20,2% *** -19,6% *** -14,2% * -17,1% *** 
(20) (111) (168) (264) 

2 - - - - -25,2%* 

JZL 
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AppmdixTabk 7.A.9 continued(1). 

l k m 2 km 3 k m 4 km 5 km 

3 50,7% *** 18,3% *** 
(448) (933) 

4 -27,9% *** 
(653) 

-

5 - 0,0% * 

(1) 

10,3% ** 
(3094) 

- - - " -16,9% ** 
(135) 

8 33,3% ** 
(123) 

27,0% * 
(297) 

23,3% * 
(312) 

47,8% *** 
(671) 

40,9% *** 
(1735) 

9 43,9% ** 
(19) 

130,2% *** 
(22) 

- - -

10 - - - - -

11 - - - - -

12 - -30,4% *** 
(106) 

-32,0% *** 
(252) 

-

13 - - - -38,6% ** 

(6) 
-

15 - - - - -16,8% * 
(29) 

16 - - - - -

17 - 32,4% *** 
(581) 

16,6% ** 
(672) 

-

18 - 16,2% ** 
(70) 

15,6% *** 
(215) 

10,7% *** 
(547) 

-

19 - - - -28,8% ** 

(6) 
-

20 - -9,9% *** 
(1302) 

- 22,2% *** 
(3353) 

31,9% *** 
(3613) 

21 39,5% *** 
(270) 

24,5% *** 
(613) 

46,4% *** 
(860) 

45,6% *** 
(1179) 

18,9% *** 
(1511) 

22 -27,4% *** 
(226) 

-29,3% *** 
(855) 

-25,9% *** 
(1591) 

-14,0% ** 
(1847) 

-25,8% *** 
(1880) 

23 49,9% ** 

(4) 
- - - -

24 - 30,4% ** 
(37) 

37,3% ** 
(111) 

62,3% *** 
(123) 

36,8% *** 
(173) 

25 - -21,8%*** 
(104) 

- - 10,0% *** 
(1767) 

26 -57,6% *** 

(4) 

57,1% ** 

(8) 

- - -

27 - - - -20,0% *** 
(265) 

-20,0% *** 
(265) 
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Appendix Table 7.A.9 continued (2).  

1km 2km 3 km 4km 5 km 

AO 23,4% * 
(117) 

- -
29 - 7,9%o ** 12,0%) *** 10,3% *** 5,5% ** 

(695) (879) (959) (1065) 
30 6,9% * 6,2%) *** 8,8%, *** 7,8% *** 8,9% *** 

31 
(629) (1297) (1861) (2367) (2550) 

31 
" - 21,4%, * - 41,8% ** 

32 
(29) (41) 

~ - -10,0% * 

33 
(2133) 

- -23,6% *** 
(42) 

-21,1% *** 
34 -30,3% *** -33,4%o *** -30,0% *** -18,4% *** 

-23,6% *** 
(42) 

-21,1% *** 
(288) (1293) (3930) (6373) (6485) 

35 - 34,2%o *** -8,9%> * -36,5% *** -30,5% *** 
(1115) (1380) (2326) (3527) 

36 73,3%) *** 28,7%, *** 31,5%) *** 25,0% *** 
(229) (465) (666) (862) 

37 - - -5,7%, ** -7,2% *** -5,4% ** 

38 
(1467) (2019) (2146) 

38 
- 7,7%, * 7,8%o ** 

(339) (654) 
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Appendix Table 7.A.10: Results: Multinomial logistic regression estimates. 

Impact area 

1km 2 km 3 km 4 km 5 km 

Negative externality 

Nearest property -0.007 -0.031 * -0.001 -0.005 -0.003 

" o 1 .ux. SF properties within 1 km2 20.120 ** 4.660 3.124 -0.142 1.553 

% Lux. SF properties within 4 km2 -62.767 * -9.067 -15.181 -1.916 -2.300 

% MF properties within 1 km2 3.808 -0.719 4.174 3.437 2.957 

% MF properties within 4 km2 -23.309 -3.039 -9.115 -2.653 -1.104 

Disposable income 0.265 0.069 -0.105 -0.222 * -0.146 

Housing density 0.008 * 0.001 0.002 -0.001 0.000 

% Non-western immigrants -4.075 12.668 1.171 0.095 -3.646 

Intercept -15.276 4.281 5.086 11.943 6.060 

Positive externality 

Nearest property -0.001 -0.007 * -0.007 -0.011 ** -0.006 

% Lux. SF properties within 1 km2 -4.662 9 077 *** 2.340 2.335 1.211 

% Lux. SF properties within 4 km2 9.232 * -20.369 ** -12.887 -4.431 -2.514 

% MF properties within 1 km2 1.113 4.859 * 1.721 2.869 -0.703 

% MF properties within 4 km2 -0.884 -3.825 -4.570 -1.602 0.939 

Disposable income -0.037 0.052 0.043 -0.134 0.000 

Housing density 0.001 0.000 0.000 -0.001 0.000 

% Non-western immigrants -3.979 0.673 7.986 ** 6.925 * 1.105 

Intercept -1.368 -2.431 -1.622 7.506 -0.471 

Analysis of centers classified as 'negative price impact' and 'positive price impact' compared to 'no significant impact', for 
classification with a 5% significance level. The table presents coefficients estimated with multinomial logistic regression and their 
significance levels. A. large magnitude and a strong significance indicate that the variable has a large predictive power. Stars 
indicate significance levels, ***—/%, **=5%, *—10%. 
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Appendix Table 7.A.11: Impact of accommodation centers on prices, sales time and sellers discount; 
impact area of 1 kilometer. (Stars indicate significance levels, ***=?%, **=5%, *=10%). 

Obs Spatial regression estimates Proximity 
Estimated difference 

nearest and most 
distant property 

Price Sellers 
premium 

Sales 
time 

Max Min Price 
i 

Sellers 
discount 

Sales 
time 

Accommodation Center 

2 6 -1.008 0.053 69.761 -0.115 -0.401 33.3% 1.5% -19.9 
3 18 0.249 0.302 ** 127.087 -0.010 -0.312 -7.2% 9.1% -38.4 
4 60 0.589 * -0.049 12.514 -0.007 -0.414 -21.3% -2.0% -5.1 
5 85 -0.025 -0.011 -7.584 -0.007 -0.651 1.6% -0.7% 4.9 
6 1 253.752 9.160 -85901.7 -0.177 -0.177 0.0% 0.0% 0.0 
7 67 0.143 * -0.077 *** 55.272 * -0.007 -0.853 -11.4% -6.5% -46.8 
8 60 -0.220 0.031 48.676 -0.010 -0.782 18.5% 2.4% -37.6 
9 117 -0.252 * 0.041 -42.274 -0.001 -0.703 19.3% 2.9% 29.6 
11 31 -0.055 0.065 -10.376 -0.016 -0.404 2.2% 2.5% 4.0 
12 6 3.965 *** 0.081 -636.148 * -0.017 -0.274 -63.8% 2.1% 163.1 
13 179 0.065 -0.005 10.603 -0.008 -0.953 -6.0% -0.5% -10.0 
14 44 -0.636 *** -0.015 -173.712*** -0.027 -0.642 47.9% -0.9% 107.0 
15 6 -0.276 0.049 -16.685 -0.127 -0.459 9.6% 1.6% 5.5 

Recepi don and Research Center 

1 1 36.612 3.897 -83845.8 -0.764 -0.764 0.0% 0.0% 0.0 
2 15 0.019 0.046 -32.974 -0.004 -0.669 -1.2% 3.1% 21.9 

Additional Accommod: ition Center 

-8.0% 2.3% 1 9 0.518 0.141 -312.799 -0.023 -0.183 -8.0% 2.3% 50.1 
3 448 -0.432 *** -0.009 8.054 -0.008 -0.956 50.6% -0.8% -7.6 
4 653 0.344 *** 0.008 2.702 -0.001 -0.953 -27.9% 0.8% -2.6 
5 1 49.507 157.087 ** 164008.2 -0.884 -0.884 0.0% 0.0% 0.0 
6 14 -0.179 -0.076 269.816 -0.617 -0.965 6.4% -2.6% -93.9 
7 1 -37.308 40.835 -19822.08 -0.778 -0.778 0.0% 0.0% 0.0 
8 123 -0.307 ** 0.028 -1.399 -0.001 -0.939 33.3% 2.6% 1.3 
9 19 -0.645 ** -0.035 -43.336 -0.088 -0.652 43.9% -2.0% 24.4 
10 84 0.024 -0.039 -8.272 -0.022 -0.972 -2.3% -3.8% 7.9 
11 71 0.053 -0.008 -41.451 -0.006 -0.957 -4.9% -0.7% 39.4 
12 14 -0.015 -0.120 19.332 -0.485 -0.924 0.7% -5.3% -8.5 
13 5 -0.089 0.075 -162.278 -0.107 -0.623 4.7% 3.9% 83.7 
15 17 -0.259 -0.039 9.977 -0.001 -0.661 18.6% -2.6% -6.6 
16 159 0.005 0.022 * -1.777 -0.002 -0.943 -0.5% 2.1% 1.7 
17 263 -0.059 0.020 -56.940 *** 0.000 -0.972 5.9% 2.0% 55.3 
18 41 -0.139 -0.027 -21.832 -0.096 -0.789 10.1% -1.9% 15.1 
20 547 -0.009 -0.010 1.571 -0.008 -0.910 0.8% -0.9% -1.4 
21 270 -0.386 *** -0.013 -8.968 -0.013 -0.876 39.5% -1.1% 7.7 
22 226 0.35 *** -0.011 2.983 -0.007 -0.925 -27.5% -1.0% -2.7 
23 4 -0.466 ** -0.018 52.146 -0.061 -0.929 49.9% -1.5% -45.3 
24 20 0.264 -0.007 163.763 -0.351 -0.906 -13.6% -0.4% -90.9 
25 80 0.086 0.028 -9.654 -0.120 -0.956 -6.9% 2.3% 8.1 
26 4 1.316*** 0.112 23.577 -0.154 -0.806 -57.6% 7.3% -15.4 
27 210 0.028 -0.014 -19.758 -0.010 -0.976 -2.7% -1.4% 19.1 
28 16 -0.095 0.022 91.142 -0.143 -0.972 8.2% 1.8% -75.6 
29 207 0.037 -0.009 9.847 0.000 -0.896 -3.3% -0.8% -8.8 
31 629 -0.072 * -0.019 ** 3.511 -0.001 -0.927 6.9% -1.7% -3.3 
32 22 -0.022 -0.011 -27.040 -0.023 -0.719 1.5% -0.8% 18.8 
33 12 -0.063 0.020 -150.594* -0.011 -0.820 5.2% 1.6% 121.8 
34 288 0.372 *** 0.039 *** 16.472 -0.002 -0.973 -30.3% 3.8% -16.0 
35 686 0.11 -0.002 -24.385 ** 0.000 -0.993 -10.3% -0.2% 24.2 
36 229 -0.576 *** 0.010 -25.793 -0.005 -0.959 73.2% 0.9% 24.6 
37 134 -0.061 -0.045 ** 32.086 -0.001 -0.935 5.9% -4.2% -30.0 
38 16 0.271 0.121 -126.202 -0.125 -0.526 -10.3% 4.9% 50.5 



CHAPTER 8 

Planes, Trains, and Automobiles 
The Impact of Traffic Noise on House Prices 

Amsterdam Schiphol Airport and a group of 350 environmentalists have been fighting 

over fifteen square meters of land for seven years. The airport faced capacity problems 

and intended to expand its number of runways to five, but in 1994, a pressure group 

bought a parcel to obstruct the expansion plans of the airport. Only a small part of this 

parcel was required to realize the fifth runway. One of the major arguments of the 

environmentalists is noise pollution. 

Schiphol Airport is located the Netherlands, a country belonging to the most densely 

populated nations in the World, with the highest population density of all OECD-

countries after Korea1. Even within this crowded country, the population is concentrated 

in the western part. This multiple-centric urban area is frequently referred to as a seven-

million people city. 

That is why the airport is not the only major cause of noise nuisance. These millions of 

people need transportation to move to and from work and social activities, and consume 

and produce goods that need to be transported. The available infrastructure is used very 

intensively for this, compared to other European countries. There are fewer miles of 

roads per person, leading to an above-average usage of the road system of which 15 

percent is seriously congested every day. The intensity of the railroad usage is three times 

the EU average. The area is served by two major airports, which face the problem of 

insufficient capacity, aggravated by strict noise regulations and pressure groups strongly 

opposing expansion. But with economic and population growth, traffic intensity is only 

increasing. 

One of the unwelcome side effects of intense traffic in high dense areas is noise 

pollution. Noise generated by traffic even forms the major category of all noise 

nuisances, as is shown in Figure 8.1. More people are annoyed by the noise of passing 

cars than by noise produced by neighbors. Since more persons are exposed to car traffic 

than to planes or trains, fewer complaints are caused by the latter two categories of 

traffic, except for the province of North-Holland where Amsterdam Schiphol Airport is 

located. Besides that, studies like Miedema and Oudshoorn (2001) show that with equal 

OECD, Selected Social Data(l), October 2001 
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noise levels, noise from airplanes is perceived as most annoying, followed by car noise 

and finally noise from passing trains. 

Figure 8.1: Percentage of population annoyed by noise in 1999. 

Noise Complaints 
Percentage of population annoyed by noise, for western provinces 

road traffic air traffic rail traffic neighbors industry 

0 Noord-Holland 

HZuid-Holland 

• Utrecht 

0 Netherlands 

Based on Central 
Bureau of 
Statistics, the 
Netherlands, 
2001 

Table 8.1: Indication of sound 

Data 
class 

dB(A) Indication Example Comment 

1 0-10 Hearing threshold Heartbeat 
10-20 Just audible Rustling of leaves 
20-30 Very quiet Whisper 

2 

30-40 

41-45 

Quiet 

Quiet 

Quiet street noises <35 dB (A) desired for sleep 

3 

4 

46-50 

51-55 

Quiet 

Quiet 

Light traffic <50 dB(A) desired for work 

5 

6 

7 

8 

9 

56-60 

61-65 

66-70 

71-75 

76-80 

Moderately loud 

Moderately loud 

Moderately loud 

Moderately loud 

Loud 

Noise in average restaurant 

Normal city/freeway traffic 

Heavy traffic 

Annoyance 

10 80-90 

90-100 

100-110 

Very loud 

Very loud 

Uncomfortably loud 

Motorcycles at 25 feet 

Helicopter at 100 feet 

Rock 'n Roll band 

Hearing loss if persistent exposure 

110-120 Uncomfortably loud Loud thunder Pain and distress 
120-140 Uncomfortably loud Airplane during departure 

The Dutch government provides protection against noise pollution by imposing 

maximum noise levels for air, rail and road traffic. The Noise Nuisance Act prescribes a 

preferred level of 50 decibels at facades of properties within a specific distance from 

major roads and railways. As shown in Table 8.1, this level is equal to the noise caused by 

2 This table is based on Bateman (2001) and Humphreys and Patterson (1996). For ease of comparison, we 
also show the 10 ranges that will be used as sound variable in this chapter. 
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light traffic. Only if certain conditions are met, the maximum allowed noise is raised to a 

decibel level between 55 and 70. A level of 70 decibel is moderately loud and comparable 

to the noise caused by freeway traffic. Nevertheless, there are still properties located in 

areas with higher average noise levels; for example, 0.8 percent of the observations in our 

data set is located in areas with an average sound level exceeding 70 decibels. 

Since noise is one of the factors contributing to the quality of a property location, noise 

could be capitalized in housing prices. Properties located along a road with heavy traffic 

are likely to sell for less than comparable properties located elsewhere, while properties 

situated at very quiet locations might even sell at a premium compared to other 

properties. 

This capitalized value is of substantial importance. Large infrastructural projects are 

planned for the Netherlands, like expansion of the main airports and construction of 

high-speed railways. Moreover, the European Union decided that the determination and 

enforcement of differentiated noise limits will be delegated from national to local 

governments in the near future. When making these policy decisions, the harm or 

benefits to homeowners should not be neglected. 

The price impact of noise nuisance is a widely studied area. However, most analyzed 

geographical areas concern the United States and the United Kingdom, and other regions 

are largely neglected. Most of the Anglo-Saxon studies date from the late seventies and 

early eighties. Is it reasonable to assume that these results apply to other countries too, 

and still? 

In this chapter, we analyze the impact of traffic noise on property prices for the western 

part of the Netherlands with use of hedonic regression and spatial autocorrelation. To 

our knowledge, these techniques have never been applied to study this topic in the 

Netherlands, and the combination of techniques for externality analysis has never been 

used in the literature before. This combination allows for more efficient estimates and a 

nonlinear relationship between noise and property prices. Sections 8.1 and 8.2 provide an 

overview of the literature regarding the valuation of traffic noise, and a description of our 

methodology, respectively. Our data set is very extensive; many variables are used to 

filter over 100,000 property prices for other influences, and the noise information is very 

detailed, since traffic noise is known for every square area of 100 by 100 meter. Section 

8.3 present details on the data. The focus of the chapter will be on estimating the 

property value reduction caused by the nuisance from cars, trains and airplanes. These 

estimates are discussed in section 8.4, after which we will make some general inferences 

and conclusions in the final section 8.5. 
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8.1 Literature review 

A clear way to express the annoyance people perceive from traffic noise is to express the 

hassle in money. The estimated amount could be used by national or local governments 

to compensate citizens suddenly faced with a new highway in their backyard or 

inhabitants of properties in the near vicinity of an expanding airport, or alternatively to 

estimate the benefits of noise reducing policies. 

Expressing traffic noise and other environmental conditions in money is a widely 

studied. Many studies on traffic noise date from the late seventies and early eighties, and 

are extensively summarized and analyzed by Nelson for road traffic (1982) and air traffic 

(1980). More recent publications on road nuisance impact are from Hughes and Sirmans 

(1992) and Huang and Palmquist (2001), while aircraft nuisance has been studied by 

Collins and Evans (1994) and Levesque (1994), amongst others. Poon (1978) is amongst 

the small number of authors studying noise generated by railroads. 

The value of environmental goods could be found in a direct way by means of surveys 

and experiments, or indirectly by analyzing actually observed market data like property 

prices3. Although the latter alternative is the most popular by far, both methods find 

proponents and opponents in literature. 

Surveys versus hedonics 

The most common survey method is contingent valuation. As described before in 

Chapter 6, this method derives monetary values by means of surveys. Relative to hedonic 

regression, it is less dependent on costly data and will suffer less from econometric 

problems, although the disadvantage of a large potential subjectivity might outweigh this 

advantage. Examples of monetizing traffic noise by means of contingent valuation are 

Saelensminde (1999), Grosclaude and Soguel (1994), and Van Praag and Baarsma (2001). 

Using survey approaches for the Netherlands, Van Praag en Baarsma found that people 

living in non-insulated properties should be compensated for every increase in aircraft 

noise of 10 Ku with a percentage of their net income varying from 1.2 to 2.2 percent4. If 

the properties are insulated, the compensation would be about one third of the non-

insulation compensation. However, Baarsma (2000) found that people would be willing 

to pay an additional 57.1 percent of their housing expenses if aircrafts do no longer < 

nuisance during the night, and 25.5 percent during daytime. 
• cause 

3 Besides these valuation methods, estimating the value of environmental goods could be performed by 
pricing methods, like analysis of opportunity costs or government payments, amongst others. Since we do 
not use survey or pricing methods in this chapter, we will not discuss this. An overview can be found in 
Batemanetal(2001). 
4 Ku, or Kosten Unit, is a noise index used in the Netherlands, derived from the so-called NNI-index. 
From 2003, this index will be replaced by the more common Lden-index for Dutch policy decisions. 
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The hedonic approach derives values by analyzing actually observed market data, like 

property transaction prices. By means of regression, this approach analyzes the 

contribution of physical and locational property characteristics to property transaction 

prices. As will be clear, this method uses actual choices instead of willingness. However, 

estimates and their interpretation are dependent on selected variables and specification of 

the regression equation, and on the validity of underlying assumptions. Nevertheless, 

most academic publications rely on the hedonic approach. Examples of use of hedonics 

to express the value of traffic noise are Hughes and Sirmans (1994), Uyeno, Hamilton 

and Biggs (1993), and Levesque (1994). 

Since we have a data set that is rich enough to derive the price of noise by hedonic 

regression, and since we consider this method to be more reliable than contingent 

valuation, we will express the perceived annoyance in a monetary value by means of 

hedonic regression. 

Noise variable 
To estimate the price of noise with hedonic regression, an index reflecting the noise is 

added to the list of attributes explaining property prices. If homeowners were indeed 

annoyed by noise, noise would be capitalized in housing prices. The price of a property 

located along a road with many passing trucks and cars would be higher if the property 

would be situated in an area where warbling birds cause the loudest noise, all else equal. 

In that case, the estimated contribution of noise to house prices will be significantly 

negative. 

Noise is usually expressed in decibels, which measure the loudness of sound as perceived 

by the human ear. However, annoyance is not just caused by the loudness of sound, also 

aspects like frequency, variability, time of the day, and the usual background level matter. 

To account for these additional aspects, many different noise indices have been 

developed, different across countries and noise types. The indices could be cumulative 

weighted averages of the number of decibels for a specific time period, or a measure 

indicating the percentage of the total time for which a sound level is exceeded . Nelson 

(1982) concluded that there could not be a single index that is best suited for all 

purposes, since each index discards some information. Nevertheless, Levesque (1994) 

found that, with analyzing aircraft noise, cumulative indices do not perform as well as 

other indices. 

The large variety of noise indices complicates the comparison of outcomes of different 

studies. A useful instrument to compare study outcomes is the noise depreciation 

sensitivity index (NDSI). This index calculates the percentage value change caused by a 

5 Frequently used sound indices are LAecj (energy mean sound level), Ldn (day-night average sound level), 
Lm (noise level exceed in 10% of time), N E F (Noise Exposure Forecast), NNI (Noise and Number Index), 
NPL (Noise Pollution Level), and TNI (Traffic Noise Index). A more elaborate description of these 
alternative indices can be found in Nelson (1980) and Berglund and Lindvall (1995). 
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1 -decibel decrease in noise exposure, by relating the percentage difference between prices 

P0 and P, to the difference between noise levels dB0 and dB,. The NDSI could be 

calculated as 

(8.1) NDSI 
change in property value ô V 1 Pl - P0 

change in noise exposure ON P0 dB0 - dB 

If it is assumed that a reduction in noise levels will lead to higher property values, both 

numerator and denominator will be positive, leading to a positive NDSI . 

In two review studies (1980, 1982), Nelson compared many studies using this index. He 

found that property values rise with on average 0.4 percent if road traffic noise is reduced 

by 1 decibel, and with 0.6 percent if noise from air traffic decreases 1 percent. According 

to Nelson, the different NDSI 's for road and air traffic noise are due to differences in 

methodology and data, although the higher price for airplane noise is in line with the 

higher perceived annoyance from air traffic for the same sound level of road traffic. 

8.2 Methodology 

When using hedonic regression, as we do in this chapter, a frequently used model 

specification is the semi-log specification, in which the natural logarithm of transaction 

prices is regressed on variables reflecting physical and locational property characteristics. 

With standard Ordinary Least Squares (OLS) regression, the noise variable could be 

added to the list of regressors: 

(8.2) I n P = ƒ (physical, locational, traffic noise)+ error 

The estimates could be transformed into percentage prices by simply calculating the 

exponent of the estimates, and adding minus one. For example, it could be found that 

presence of a garage increases prices by 15 percent, or that loud traffic noise reduces 

prices by 10 percent. The error is added to the equation since property prices will seldom 

be an exact function of property characteristics. However, with use of spatial 

autoregression, the equation would look like: 

(8.3) \nP = / (phys ica l , loca t iona lpr iceso therproper t ies , t ra f f icnoise)+er ror 

since this technique uses prices of surrounding properties as additional information to 

estimate the price of a specific property, comparable to the sales comparison approach 

an appraiser might use. As explained in more detail in Chapter 6, spatial estimation will 

yield more efficient estimates. Since we will use exactly the same three-step estimation 

procedure as in the previous chapter, we will not show the exact regression equations. 

The hedonic technique tries to reveal a hedonic price schedule underlying actual property 

prices, but the results are dependent on the selected model specification and the set of 
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used variables. Moreover, it is assumed that the studied housing market is homogenous. 

If large differences exist between regions within the studied market, the mixture of 

market segments will yield an unreliable price for noise nuisance. Moreover, with a less 

homogenous housing market, the problem of omitted variables will become more 

important. For example, if a toxic waste site lowers property prices in a noisy area, the 

regression will attribute the lower prices to the loud noise if information on the waste 

side location is omitted. If a sample only contains properties in the small area around the 

waste site, this externality would impact all properties, leading to a more accurate 

estimation of noise value. Besides being homogenous over space, the hedonic regression 

requires the variables to be homogenous over time as well. This means that no significant 

shocks should have occurred within the period the data set describes. 

The geographical area we use in this study is large compared to other hedonic studies, 

which might cause a violation of regional homogeneity. However, the three provinces in 

our sample show rather similar price developments over time. Nevertheless, we control 

for differences between the regions by means of regional dummy variables, the semi-log 

specification, and spatial autoregression. First, 59 dummy variables correct for 

differences in absolute price levels between regions. For example, Amsterdam property 

prices are generally higher than Rotterdam property prices; in 2000, the price of 

Amsterdam apartments exceeded Rotterdam apartment prices by 80 percent, for single-

family properties this difference was about 50 percent6. The dummies are based on zip 

codes and are created such that for each area represented by a dummy sufficient 

observations are available in our data set . Secondly, the semi-log specification of the 

hedonic equation makes the estimates less sensitive to differences in absolute price levels 

between regions, since it uses percentage price contributions instead of dollar amounts. 

Thirdly, the spatial autoregression corrects for omitted variables by considering explicitly 

the prices of neighboring properties. The price impact of the unknown neighborhood 

characteristics will be rather similar for neighboring properties. 

Moreover, we estimate the price of traffic noise for a number of sub-markets, as 

suggested in the literature. For example, Uyeno, Hamilton and Biggs (1993) found that 

detached houses will suffer less from noise than multi-family properties. Palmquist 

(1980) on the other hand suggested that property prices in high-income areas will show a 

larger discount than properties in low-income areas. Therefore, we create sub-samples by 

dividing the set of properties in sets with multi-family, detached single-family and non-

detached single-family properties, as well as in sets with low-, middle- and high-income 

areas. Besides, we split the dataset in areas with a low, average and high population 

density, and we perform estimations for each of the separate years of our dataset. 

'Based on information from Dutch Association of Real Estate Agents (T\'VM), 2000. 
Dummy variables represent in between 131 and 4,619 transactions, with an average of 1,925 sold 

properties. 
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The constant price of every decibel 
The form of the relationship between noise and value discounts is not known 

beforehand. Most studies assume a straight-line relationship between discounts and 

decibels, and find or assume a minimum noise level at which sound starts to influence 

house prices. Most studies find a level of around 55 dB as the ambient noise level, like 

Huang and Palmquist (2001) and Palmquist (1982). 

However, the question is why noise prices should be a linear function of noise level as 

measured in decibels? Decibels are expressed on a logarithmic scale: each increase of 10 

decibel (dB) means a doubling of the absolute loudness. So, 80 dB is about twice as loud 

as 70 dB, and four times as loud as 60 dB. Reducing the sound level from 80 to 70 dB 

means a larger noise reduction in absolute terms than reducing it from 70 to 60 dB. With 

a linear relationship between discounts and decibels, very loud noises have to be reduced 

more than less loud sounds in order to achieve an equal percentage increase of property 

prices. However, to our knowledge, no studies analyze whether the price of noise 

reduction depends on the actual original noise level. 

We will not add a noise index to the set of explanatory variables, but a set of dummy 

variables. The dummies are zero, except for the dummy indicating the noise range the 

specific property is located in. In this way, the ambient noise level can be distinguished 

easily, and the results might reveal a nonlinear pattern for noise. For example, reducing 

the noise level from a very loud 80 decibels to a still high 70 decibels might not be valued 

as much by the market as a reduction from 70 to a more convenient 60-decibel noise 

level. A constant value per reduction of one decibel would indicate that the value of both 

reductions would be equal. 

The NDSI of a noise level decrease from dB0 to dB, could be calculated with use of the 

estimated semi-logarithmic coefficients ß0 and ß, as: 

1 e x p ( ^ , ) - e x p ( ^ 0 ) 
:.4) NDSI0 

exp(/?0 ) dB0 - dB 

This value is the percentage change in property value caused by a 1-decibel decrease of 

noise level. Since we use 5-decibel classes of noise instead of one noise index, the noise 

difference will be 5 or a multiple of 5. 

Positive and negative externalities 
The construction of a new road might not only cause annoyance by increased noise or air 

pollution, but it might also generate positive externality effects like improved 

accessibility. The pure negative impact could for instance be revealed by including a 

dummy variable indicating whether the property has view on the road to correct for 

positive impacts. Most of these added variables show high correlation with the noise 

variables, and will therefore not add much to the analysis. Moreover, if the government 
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decides to construct a new road or if the airport expands, inhabitants of adjacent 

properties will not pay for the new positive externalities if they are compensated for the 

pure negative impact. Especially when used for the infrequendy applied second phase of 

the hedonic approach, estimation of demand curves by means of preferences revealed by 

the regression, breaking down the net effect will be useful. However, for valuing the 

harm or benefit of changes in noise exposure to house prices, correction for positive side 

effects has no practical implications. It is the change in net effect that matters. 

Summarizing, this chapter estimates the net impact of noise generated by cars, trains, and 

airplanes on property values. We will use the hedonic approach, estimated with use of 

spatial autoregression, and use noise dummies to allow for a nonlinear relationship 

between noise and prices. The next section describes the data we used for this. 

8.3 Data description 

The information on transaction prices and the physical and locational characteristics of 

the 113,574 properties in our final sample is exactly the same as the information used in 

Chapter 7, in which we study the price impact of asylum seekers accommodation centers. 

All properties are located in the western part of the Netherlands, and are sold in the years 

1997 through 1999. The only differences concern the merging of the separate dummy 

variables indicating construction years in between 1500 and 1750 into one new dummy, 

and a smaller number of locational characteristics.8 The records are filtered for 

inconsistencies and apparent mistakes, and contain information on the exact location of 

the property. 

New compared to the previous chapter is the noise information. From the National 

Institute of Public Health and the Environment (abbreviated in Dutch as 'RIVM') we 

obtained noise levels for small square areas of 100 by 100 meters. Since the noise areas 

were indicated by the national coordinate system and the sold properties could be linked 

to this coordinate system too, each individual property could be linked to a square sound 

area. 

The noise index used is the cumulative energy level index LAeq. This noise index 

concerns the accumulated 24-hour noise pressure generated by road, rail and air traffic 

for 1999. The noise levels concern averages for 100 by 100 meter areas, and are 

translated into 10 categories of 5 decibels each. However, the levels with the lowest and 

the highest sound levels concern wider ranges of noise. 

8 In this chapter, we used locational variables reflecting distance to one of the 8 major cm centers and the 
share of owner-occupied single-family properties relative to the total number of owned properties for all 
individual propernes; the average share of elderly, western and nonwestern immigrants and single-person 
households of the specific 4-digit zip code area; and the population density of the municipality. 
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Table 8.2 provides more information about the noise data. More than half of all squared 

areas are very quiet with an average decibel level of below 40. However, most of these 

areas are non-residential, since only 1 percent of all properties is located within such a 

silence area. As could be inferred from Figure 8.2 for the Netherlands and Figure 8.3 for 

Amsterdam, areas with the highest noise levels concern locations directly adjacent to 

freeways, railroads and airports. Especially the figure for Amsterdam illustrates how 

detailed the noise data set is; crowded streets, freeways, and the airport runways in the 

southwestern part of the map with their approach routes are clearly visible. Only 14 

percent of all properties is located in areas with a lower sound level than the desirable 50 

decibels indicated by the Dutch government. However, less than 1 percent of all sample 

properties are located in areas with a sound level of above 70, the absolute legal 

maximum of noise generated by road or railroad traffic. In our data set, these are almost 

900 such properties. 

Table 8.2: Description of noise data. 

Sound Decibel lOOxlOOm Properties 
range range areas in total data set 

percentage 
located within area areas in total data set 

percentage percentage cumulative 

1 0 -40 dB 55.18% 1.11% 1.11% 
2 41-45 dB 9.20% 2.87% 3.98% 
3 46-50 dB 11.03% 10.25% 14.23% 
4 51-55 dB 10.15% 27.84% 42.07% 
5 56-60 dB 7.53% 34.49% 76.56% 
6 61-65 dB 4.00% 18.20% 94.76% 
7 66-70 dB 1.78% 4.46% 99.22% 
8 71-75 dB 0.70% 0.64% 99.86% 
9 76-80 dB 0.36% 0.13% 99.99% 
10 >80dB 0.07% 0.01% 100.00% 

total 2,073,650 113,574 

In order to create sub-markets for analysis, we divided our data set four times in three 

sub-samples, along the dimensions neighborhood income, year of sale, property type and 

address density.9 Sub-samples are created such that each set has about the same number 

of observations, except for the housing type and year of sale dimension. Table 8.3 

specifies characteristics of these sub-sets. However, some breakdown dimensions used to 

create sub-samples will be correlated. High noise areas generally have a higher address 

density, relatively more multi-family properties and lower average incomes. In quiet areas 

the address density is lower, and the share of (detached) single-family properties and 

9 Address-density is a statistic created by the Dutch Central Bureau of Statistics (CBS). It denotes the 
average number of addresses per square kilometer within a straight-line distance of 1 kilometer around all 
individual properties. It represents the concentration of human activity, and is used by the CBS to classify 
municipalities on degree of urbanization. 
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average income is higher. So, results for data segmentation based on income and address 

density and property type will be rather similar. More details on the similarity of sub-

markets are provided in Table 8.4. 

Figure 8.2: Areas with high traffic noise above 70 decibels, and indication of studied region. 

71-75 dB 

176-80 dB 

l>80 dB 

Figure 8.3: Noise in Amsterdam, noise levels above 50 decibels. 
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Table 8.3: Characteristics ofsub-s 

Break-down dimension range observations % observations 

Income (€, per head) 
Lower income 
Middle income 
Higher income 

Years 
1997 
1998 
1999 

Property type 
Single-family, non-detached 
Single-family, detached 
Mul ti-family 

Address density 
Lower address-density 
Middle address-density 
Higher address-density 

18,300-21,500 
21,500-24,700 
24,700-33,000 

104-1,406 
1,411-2,418 
2,671-5,926 

37,628 
38,474 
37,472 

35,915 
44,491 
33,168 

53,755 
20,218 
39,601 

37,741 
38,123 
37,710 

33.1% 
33.9% 
33.0% 

31.6% 
39.2% 
29.2% 

47.3% 
17.8% 
34.9% 

33.2% 
33.6% 
33.2% 

Table 8.4: Similarities between sub-markets. 

Obs 
i 

: 

Mean 
sound 
range 

Mean 
address-
density 

Mean 
income 

X 

€ 1,000 

House type Year Obs 
i 

: 

Mean 
sound 
range 

Mean 
address-
density 

Mean 
income 

X 

€ 1,000 
non-

detach. 
sf 

detach, 
sf 

multi-
family 

1997 1998 1999 

Address-density 
lower 
middle 
higher 

37,741 
38,123 
37,710 

4.4 
4.6 
5.1 

968 
1,934 
3,979 

25.8 
23.5 
20.0 

60% 
57% 
25% 

26% 
16% 
11% 

13% 
27% 
64% 

35% 
34% 
26% 

38% 
38% 
41% 

26% 
27% 
34% 

Income 
Lower 
Middle 
Higher 

37,628 
38,474 
37,472 

5.0 
4.5 
4.6 

3,848 
1,842 
1,192 

19.9 
23.2 
26.2 

31% 
55% 
57% 

10% 
17% 
26% 

59% 
28% 
17% 

27% 
32% 
35% 

40% 
39% 
39% 

33% 
29% 
26% 

House type 
non-detach. : 
detached sf 
multi-family 

if 53,755 
20,218 
39,601 

4.5 
4.6 
5.0 

1,790 
1,814 
3,218 

23.8 
24.3 
21.6 

100% 
0% 
0% 

0% 
100% 
0% 

0% 
0% 

100% 

34% 
36% 
26% 

39% 
39% 
39% 

27% 
25% 
35% 

Year 
1997 
1998 
1999 

35,915 
44,491 
33,168 

4.7 
4.7 
4.7 

2,101 
2,320 
2,461 

23.3 
23.1 
22.8 

51% 
47% 
44% 

20% 
18% 
15% 

29% 
35% 
41% 

100% 
0% 
0% 

6>% 
100% 
0% 

0% 
0% 

100% 

Total 113,574 4.7 2,292 23.1 47% 18% 35% 32% 39% 29% 
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8.4 Results 

The impact of traffic noise is estimated by means of the hedonic approach. Adding 

region dummies to the OLS-regression for all property attributes except noise raises the 

adjusted R2 from 0.79, as found in Chapter 7, to 0.8410. The location of a property within 

a specific range of decibels is represented by dummies. Combined with other property 

characteristics, the percentage contribution of the noise presence to property prices is 

estimated with Maximum Likelihood estimation. The equation is specified with both an 

OLS-specification and a spatial CAR-specification". However, the spatial estimation 

procedure could yield slighdy different estimation results for the same specification. We 

therefore performed the spatial estimation 5 times, and selected the results from the 

estimation with the lowest root mean squared error. For multicollinearity reasons, the 

decibel range 56-60 decibels is chosen as default, since this is the most common noise 

range. The ranges 76-80 and above 80 are merged into one class because of an 

insufficient number of observations for most examined sub-samples. 

Results for entire sample 
Table 8.5 shows the estimation results obtained with the total data sample. Although the 

estimations of OLS and the spatial techniques are rather similar, the latter approach 

yields a lower root mean squared error and a higher maximum likelihood, indicating 

more efficient estimates. The significance levels do show differences, however. 

Table 8.5: Estimated price impact of noise, compared to 56-60 decibel. 

Noise range Obs. OLS Spatial 

Estimated impact probability Estimated impact probability 
on house price on house price 

<=40 dB 1,259 2.1% 0.001 3.6% 0.000 

41-45 dB 3,265 -1.0% 0.005 -0.7% 0.132 
46-50 dB 11,638 -0.7% 0.002 -0.3% 0.195 
51-55 dB 31,616 0.3% 0.043 -0.3% 0.050 

56-60 dB 39,177 0.0% default 0.0% default 
61-65 dB 20,669 -0.6% 0.001 0.2% 0.322 
66-70 dB 5,064 -1.1% 0.000 -0.7% 0.040 
71-75 dB 732 -3.2% 0.000 -3.9% 0.000 
>=76 dB 154 -5.4% 0.000 -5.2% 0.001 

Loglik -475,894 -458,665 

rmse 0.196 0.162 
ob s 113,574 113,574 

Estimated coefficients are transformed into percentages. Probability levels indicate the significance of the estimates. Also given 
are the maximum log likelihood of the estimation, the root mean squared error, and the number of observations. Estimates 
and probabilities of different specifications are comparable, since all regressions use Maximum Likelihood. 

10 Estimates for region dummies and other variables are available with the author on request. 
11 The CAR-specifkations are based on are Delaunay-triangles. Alternative CAR-specifications with a 
larger number of neighbors and varying spatial correlation coefficients only resulted in decreases of root 
mean squared errors of below 0.002, while requiring extremely longer computation time. Spatial SAR-
specifications showed higher root mean squared error and lower log likelihoods. 
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Judging on the spatial results, prices appear to be affected by traffic noise only if the 

sound level exceeds 65 decibels. This is in Une with the 68-decibel level Bateman et al 

(2001) found for Scotland. The negative impact rises with the sound level, but the 

maximum price impact is rather modest, just above 5 percent. This is in accordance with 

the results of most other studies too, if we assume a NDSI value of 0.4 percent per 

decibel, an ambient noise level of 65 decibels, and a maximum noise of just above 75 

decibels. However, since the discount does not rise linearly with sound level, it is not 

correct to assume a constant price per decibel. Remarkable is the significant premium for 

very quiet locations. However, in between 40 and 65 decibels, the impact of noise does 

not differ from the impact of the default noise range. The upper panel of Figure 8.A.1 in 

the Appendix provides a graphical representation of the estimated price impact, for 

different noise levels. 

The value of reducing traffic noise with one decibel is dependent on the original noise 

level. This means that the NDSI is not constant. We estimate the index to vary between 

0.14 and 0.65 percent, values that are still in the range of frequently found values. Table 

8.6 specifies the calculations of this index. 

Reduction from To % price change NDSI 
Range Used Range Used 

41-65 dB 62.5 <=40 dB 37.5 3.7% 0.15% 
66-70 dB 67.5 41-65 dB 62.5 0.7% 0.14% 
71-75 dB 72.5 66-70 dB 67.5 3.3% 0.65% 
>=76 dB 77.5 71-75 dB 72.5 1.3% 0.25% 

If the estimated discounts from regression with the total sample are used, one could 

calculate the total change in property values caused by changes in noise exposure. For 

example, one could estimate the compensation the local government should distribute to 

owners of properties located to a newly constructed road with heavy traffic. If the results 

of Table 8.7 are applied, the owner of a 200,000 Euro residential property faces a loss of 

6,400 Euro, if this road rises traffic noise from 68 decibel to 73 decibel. Alternatively, the 

value of a planned noise barrier or more rigid airport noise contours to property owners 

could be approximated. The largest price change per decibel is caused by a change in 

noise level from 71-76 to 66-70 decibels. 

Our results are quite similar to the results found in other studies. If we apply a NDSI of 

0.4% to our ambient noise level of 65 decibels, calculated value changes are rather 

comparable, as depicted in Table 8.8. 

12 Since we use sound ranges instead of sound levels, we used approximated class averages. The same class 
averages are used for calculations in Table 8.8. Percentage price changes are calculated by subtracting the 
semi-log estimates and taking the exponent. 
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Table 8.7: Estimated! Property price changes for changes in noise exposure. 
to 

<- :40dB 41-65 dB 66-70 dB 71-75 dB >=76 dB 

<=40 dB 0.0% -3.6% -4.2% -7.3% -8.4% 

41-65 dB 3.7% 0.0% -0.7% -3.8% -5.0% 

from 66-70 dB 4.4% 0.7% 0.0% -3.2% -4.4% 

71-75 dB 7.8% 4.0% 3.3% 0.0% -1.3% 

>=76dB 9.2% 5.3% 4.6% 1.3% 0.0% 

Table 8.8: Property price changes with NDSI of 0.4% and ambient noise level of 65 dB. 

to 

<-=40 dB 41-65 dB 66-70 dB 71-75 dB >=76 dB 

<=40 dB 0.0% 0.0% -2.0% -3.9% -5.8% 

41-65 dB 0.0% 0.0% -2.0% -3.9% -5.8%, 

from 66-70 dB 2.0% 2.0% 0.0% -2.0% -3.9%, 

71-75 dB 4.0% 4.0% 2.0% 0.0% -2.0% 

>=76 dB 6.0% 6.0% 4.0% 2.0% 0.0% 

Results for sub-samples 
We also estimated the noise impact for different sub-samples. When discussing these 

results, we use the outcomes from the spatial regression, since these estimates are more 

efficient than the OLS-outcomes. Results shown are entirely based on sub-samples. J 

Some literature suggests that high-income areas will be more affected than low-income 

areas. Table 8.A.1 in the Appendix confirms this suggestion, although the difference is 

not large. The OLS results suggest that the impact rises with income, but the spatial 

results for middle-income areas show a higher discount for middle-income areas than for 

high-income areas. It should be noted, however, that the number of observations for 

high noise properties in the middle-income area is rather small. High-income areas show 

significant discounts for sound levels above 65 decibels, while other areas are only 

affected with a level of above 70. The premium for very quiet locations is only significant 

for high-income areas. 

In 1999, the Dutch housing market was tenser than in previous years. It might be 

expected that traffic noise will be of less importance in tense years, but the spatial results 

even show the opposite. The maximum estimated impact is the highest for 1999. The 

13 Both noise parameter estimates and estimates for physical and locational attributes are based on the 
separate sub-samples. This approach is different from the calculations of the previous chapter, in which we 
used information from the entire data set with all 113,574 transactions to control for property 

characteristics. 
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ambient noise level is 65 decibels for all years. These results are shown in Table 8.A.2 in 
the Appendix. 

According to literature, multi-family properties are affected more by traffic noise than 

detached single-family properties. This conclusion seems to be rather counter-intuitive 

since it might be assumed that citizens in quiet areas would be annoyed more quickly by 

traffic noise than people living in crowded areas. Our results are more intuitively, since 

we find that multi-family properties and properties in areas with a high urbanization 

degree suffer less than other properties from traffic noise. Appendix Tables 8.A.3 and 

8.A.4 show detailed results, which are illustrated in Appendix Figure 8.A.I. Since the 

discount for detached properties starts decreasing from a low ambient noise level, 

inhabitants of these properties are relatively quickly annoyed. 

Because of the similarity of sample breakdown dimensions, results for multi-family 
properties are quite similar to results for crowded and low-income areas, while estimates 
for detached single-family properties are comparable to estimates for less crowded and 
high-income areas. 

8.5 Summary and conclusions 

Since traffic intensity is growing with population and welfare, the impact of the resulting 

noise nuisance has become a widely studied area. However, most analyzed geographical 

areas concern the United States and the United Kingdom, and other regions are largely 

neglected. Most of the Anglo-Saxon studies date from the late seventies and early 

eighties. Is it reasonable to assume that these results apply to other countries too, and 

still? 

The issue of noise nuisance has become very important for the Netherlands. Currendy, 

large infrastructural projects are planned, like expansion of the main airport and the 

construction of railroads for high-speed international trains. These projects face strong 

opposition from pressure groups. Moreover, in the near future, local governments will be 

allowed to determine and enforce differentiated noise limits for specific areas within their 

municipality. 

Understanding the value of noise is therefore gaining importance, and it validates a study 

after the impact of noise on property prices. First of all, one should know the impact of 

new infrastructure or more compliant noise limits on values of surrounding properties, as 

a reference for potential compensation to harmed homeowners. Alternatively, the 

capitalized value of noise in house prices could be used to estimate the benefits of noise 

reduction, for example by construction of noise barriers along highways or by more rigid 

noise contours for airports. 
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Most studies found that sound levels below 55 decibels do not harm property prices, but 

for each additional decibel, the property loses 0.4% of its value, on average. In this 

chapter, we estimate the price impact of noise for the western part of the Netherlands, 

with a very rich data set. Usage of spatial autoregression techniques will yield more 

accurate estimates than conventional estimation techniques. Moreover, we use dummy 

variables for noise ranges instead of one noise index, to allow for a nonlinear relationship 

between noise level and propertv prices. No study known to us has ever tried this 

intuitive approach before. 

We find that traffic noise indeed has a significant impact on property prices. Noise levels 

above 65 decibels appear to be capitalized into prices, with a maximum discount of 

approximately 10 percent. Although this net price impact matters, the pure impact of 

noise might be canceled out to some extent by the positive effects generated by 

infrastructure. The net discount is not a linear function of noise; reducing noise from a 

loud (71-75 dB) to moderately loud level (66-70 dB) has a larger impact on property 

values than reducing noise from very loud (over 75 dB) to loud, or a reduction from 

moderately loud to quiet. For properties confronted with traffic noise levels between 41 

and 65 decibels, the actual noise level does not matter. However, if the property is 

located in a very quiet area (below 40 dB), it will sell at a significant premium of around 

3.5 percent. Because of this non-linearity, the estimated prices per reduction of noise 

(NDSI) depend on the original noise level, but range between 0.14 and 0.65%. These 

findings are in line with literature. 

We also examined separate parts of the housing market of the western Netherlands. We 

find weak evidence that properties in high-income areas are affected more by traffic 

noise than properties in low-income areas. Residents of high-income areas are annoyed 

with lower noise levels than other residents. Since high-income areas have a larger 

percentage of detached single-family properties and will have a lower address density 

than other areas, more or less the same results are found if sub-markets are created with 

these other dimensions. Nevertheless, the differences between sub-markets do not seem 

to be very large. Although the housing market was more tensed in 1999 than in previous 

years, we do not find large changes in traffic noise impact for separate years. 

Our estimated price impacts will contain regression noise and are dependent on the 

chosen specifications. Nevertheless, all specifications indicate that traffic noise will 

impact property prices if it is above 65 decibels. Moreover, most specifications show a 

maximum impact on property prices of in between 3 and 10 percent. These findings will 

provide sufficient foothold in future traffic noise discussions. 
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Appendix 

Appendix Table 8.A.1: Estimation of noise impact on house prices; results for different income-areas. 
Noise range obs OLS spatial 

percentage probability percentage probability 

Lower income 

<=40 dB 84 9.00% 0.000 1.60% 0.550 
41-45 dB 546 5.80% 0.000 0.80% 0.477 
46-50 dB 3,002 0.80% 0.068 -0.70% 0.163 
51-55 dB 8,309 1.20% 0.000 -0.60% 0.080 
56-60 dB 14,221 0.00% 0.00% 
61-65 dB 10,391 -0.40% 0.172 0.10% 0.769 
66-70 dB 2,415 0.30% 0.574 0.10% 0.863 
71-75 dB 363 -3.40% 0.002 -5.40% 0.000 
>=76 dB 77 -5.90% 0.011 -6.10% 0.017 

Loglik -139,314 -133,833 
rmse 0.209 0.174 
obs 37,628 37,628 

Middle income 

<=40 dB 725 0.50% 0.465 
41-45 dB 1,386 -2.60% 0.000 
46-50 dB 4,788 -0.80% 0.015 
51-55 dB 12,290 0.10% 0.752 
56-60 dB 12,825 0.00% 
61-65 dB 5,053 -0.70% 0.012 
66-70 dB 1,224 -1.40% 0.009 
71-75 dB 166 -1.20% 0.380 
>=76 dB 17 -6.70% 0.101 

Loglik -135,670 
rmse 0.173 
obs 38,474 

1.20% 0.243 
-1.60% 0.011 
-0.40% 0.306 
-0.30% 0.276 
0.00% 
0.10% 0.731 

-0.50% 0.402 
-1.70% 0.247 
-7.50% 0.035 

130,921 
0.148 

38,474 

Higher income 

<=40 dB 450 1.60% 0.076 3.30% 0.004 
41-45 dB 1,333 -2.00% 0.000 -0.80% 0.257 
46-50 dB 3,848 -0.60% 0.060 0.20% 0.704 
51-55 dB 11,017 0.30% 0.141 0.10% 0.796 
56-60 dB 13,911 0.00% 0.00% 
61-65 dB 5,225 -0.40% 0.129 -0.20% 0.512 
66-70 dB 1,425 -4.10% 0.000 -2.90% 0.000 
71-75 dB 203 -6.60% 0.000 -6.30% 0.000 
>=76 dB 60 -7.40% 0.001 -7.00% 0.002 

Loglik -131,245 -127,847 
rmse 0.172 0.152 
obs 37,472 37,472 
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Appendix Table 8.A.2: estimation of noise impact on house prices, results for different years. 

Noise range obs OLS spatial 
percentage probability percentage probability 

1997 

<=40 dB 365 0.7% 0.492 
41-45 dB 1014 -0.8% 0.170 
46-50 dB 3610 -0.5% 0.184 
51-55 dB 10239 0.9% 0.000 
56-60 dB 12604 0.0% 
61-65 dB 6298 -0.4% 0.166 
66-70 dB 1506 -1.5% 0.002 
71-75 dB 241 -5.1% 0.000 
>=76 dB 38 -6.3% 0.025 

Loglik -126,218 
rmse 0.177 
obs 35,915 

2.6% 0.029 
0.4% 0.568 

-0.2% 0.591 
0.4% 0.125 
0.0% 
0.3% 0.309 

-0.9% 0.086 
-4.9% 0.000 
-3.6% 0.172 

22,495 
0.154 

35,915 

1998 

<=40 dB 495 0.9% 0.322 
41-45 dB 1239 -0.1% 0.922 
46-50 dB 4596 -0.9% 0.006 
51-55 dB 12522 0.0% 0.952 
56-60 dB 15413 0.0% 
61-65 dB 7944 -0.8% 0.002 
66-70 dB 1955 -0.4% 0.369 
71-75 dB 254 -1.6% 0.195 
>=76 dB 73 -5.0% 0.023 

Loglik -164,019 
rmse 0.189 
obs 44,491 

0.5% 0.627 
-0.2% 0.798 
-0.3% 0.347 
-0.2% 0.361 
0.0% 

-0.2% 0.544 
-0.3% 0.500 
-2.9% 0.014 
-7.0% 0.001 

58,909 
0.162 

44,491 

1999 

<=40 dB 399 4.0% 0.001 
41-45 dB 1012 -2.6% 0.000 
46-50 dB 3432 -0.7% 0.099 
51-55 dB 8855 0.3% 0.381 
56-60 dB 11160 0.0% 
61-65 dB 6427 -0.4% 0.197 
66-70 dB 1603 -1.6% 0.004 
71-75 dB 237 -3.0% 0.030 
>=76dB 43 -7.3% 0.018 

Loglik -120,615 
rmse 0.208 
obs 33,168 

5.2% 0.000 
-1.7% 0.027 
-0.4% 0.417 
0.2% 0.436 
0.0% 
0.3% 0.440 

-1.3% 0.024 
-3.1% 0.020 
-8.0% 0.006 

16,843 
0.179 

33,168 
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Appendix Table 8. A3: Estimation of noise impact on house prices; results for different 
housing types.  

Noise range obs OLS spatial 

percentage probability percentage probability 

Non-detached single-family 

<=40 dB 765 1.6% 0.007 1.7% 0.028 
41-45 dB 2,204 -1.8% 0.000 -1.3% 0.003 
46-50 dB 6,634 -1.7% 0.000 -0.5% 0.054 
51-55 dB 16,370 -0.2% 0.154 -0.3% 0.141 
56-60 dB 18,598 0.0% 0.0% 
61-65 dB 7,221 -0.3% 0.202 0.0% 0.898 
66-70 dB 1,649 -1.9% 0.000 -1.6% 0.000 
71-75 dB 264 -3.2% 0.000 -3.3% 0.000 
>=76 dB 50 -8.5% 0.000 -10.3% 0.000 

Loglik -189,757 -182,300 
Rmse 0.147 0.124 
obs 53,755 53,755 

Detached single-family 

<=40 dB 368 -2.4% 0.036 
41-45 dB 684 -0.3% 0.746 
46-50 dB 2,238 0.6% 0.211 
51-55 dB 5,665 0.3% 0.489 
56-60 dB 6,824 0.0% 
61-65 dB 3,377 -1.5% 0.000 
66-70 dB 907 -5.1% 0.000 
71-75 dB 117 -7.6% 0.000 
>=76 dB 38 -6.1% 0.053 

Loglik -67,621 
rmse 0.199 
obs 20,218 

1.0% 0.470 
0.8% 0.373 
1.3% 0.024 
0.5% 0.239 
0.0% 

-1.0% 0.016 
-4.5% 0.000 
-6.4% 0.000 
-3.2% 0.306 

•66,458 
0.183 

20,218 

Multi-family 

<=40dB 126 8.4% 0.000 3.2% 0.161 
41-45 dB 377 0.2% 0.822 -0.7% 0.575 
46-50 dB 2,766 0.8% 0.057 0.1% 0.817 
51-55 dB 9,581 1.1% 0.000 0.4% 0.248 
56-60 dB 13,755 0.0% 0.0% 
61-65 dB 10,071 0.1% 0.759 0.6% 0.065 
66-70 dB 2,508 0.3% 0.430 0.7% 0.184 
71-75 dB 351 -1.8% 0.087 -3.5% 0.005 
>=76dB 66 -2.9% 0.206 -4.5% 0.088 

Loglik -143,605 -137,239 
rmse 0.189 0.154 
obs 39,601 39,601 
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Appendix Table 8.A.4: Estimation of noise impact on house prices; results for different 

address densities. 

Noise range obs OLS spatial 
percentage probability percentage probability 

Lower address density 

<=40 dB 966 0.7% 0.291 1.8% 0.040 
41-45 dB 1,843 -2.0% 0.000 -1.0% 0.084 

46-50 dB 5,142 -0.1% 0.765 0.0% 0.979 
51-55 dB 11,587 -0.4% 0.093 -0.5% 0.055 
56-60 dB 11,889 0.0% 0.0% 
61-65 dB 4,623 -0.3% 0.380 -0.2% 0.553 
66-70 dB 1,403 -3.9% 0.000 -3.2% 0.000 
71-75 dB 212 -6.5% 0.000 -6.2% 0.000 
>=76 dB 66 -7.1% 0.001 -6.8% 0.002 

Loglik -133,767 -130,713 
Rmse 0.178 0.160 
obs 37,741 37,741 

Middle address density 

<=40 dB 240 3.7% 0.001 4.1% 0.005 

41-45 dB 1,048 -1.1% 0.059 -1.0% 0.121 
46-50 dB 4,103 -0.1% 0.870 -0.2% 0.672 
51-55 dB 11,293 1.1% 0.000 0.3% 0.177 
56-60 dB 14,686 0.0% 0.0% 
61-65 dB 5,420 -0.7% 0.005 -0.1% 0.667 
66-70 dB 1,146 -1.3% 0.008 0.4% 0.501 
71-75 dB 173 0.4% 0.727 -0.9% 0.509 
>=76 dB 14 -9.9% 0.017 -8.3% 0.024 

Loglik -131,709 -126,788 
rmse 0.162 0.137 
obs 38,123 38,123 

Higher address density 

<=40 dB 53 10.7% 0.000 3.3% 0.353 

41-45 dB 374 5.8% 0.000 1.9% 0.181 
46-50 dB 2,383 0.1% 0.880 -0.3% 0.613 
51-55 dB 8,736 0.4% 0.141 -0.7% 0.040 
56-60 dB 12,602 0.0% 0.0% 
61-65 dB 10,626 -0.4% 0.188 0.3% 0.431 
66-70 dB 2,515 0.1% 0.850 0.0% 0.930 
71-75 dB 347 -4.1% 0.000 -5.3% 0.000 
>=76 dB 74 -5.6% 0.019 -5.5% 0.040 

Loglik -139,514 -133,977 
rmse 0.208 0.173 
obs 37,710 37,710 



156 CHAPTER 8 

Appendix Figure 8.A.1: Estimated impact of traffic noise on property prices for entire 
sample and sub-samples. 

Shown are percentage transformations of semi-logarithmic coefficients, estimated with spatial 
autoregression. Selected are the results of the estimation with the lowest root mean squared error. 

Traffic noise impact 
for total sample 

Traffic noise impact 
for different income areas 

Traffic noise impact 
for different years 
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Appendix Figure 8A. 1 continued. 
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Conclusions 

For many housing markets, the most recent years apparently do not give any cause to 

think in terms of risk. In the Netherlands, for example, house prices doubled in 8 years 

time. A less myopic view, however, would provide a different perception, since price 

developments have not always been this favorable. For longer horizons, the standard 

deviation of annual house price changes is about half the standard deviation of stock 

values. However, general housing market fluctuations only concern one aspect of the 

total risk. Besides macro-level influences, uncontrollable micro-level factors could cause 

price changes as well. Consider, for example, what would happen to house prices if the 

local government would announce the construction of a nuclear power plant. And would 

property values be the same before and after the explosion of a nearby fireworks factory? 

We study housing market risk at a macro-level for very long time periods in the first part 

of this thesis. The second part focuses on housing market externality analysis at a micro-

level. 

Macro-level housing market risk 
For analysis of the housing market in the long run, we developed indices reflecting rents 

and house prices of residential properties in Amsterdam. An abundance of literature has 

made clear that constant-quality indices, like a hedonic or a repeat-sales index, are the 

best methodologies for this, since they are theoretically superior to simple mean or 

median indices. In practice, the decision to opt for one specific constant-quality index 

method is likely to depend on data availability. For the very long-run data requirements 

for a hedonic index are too stringent, since many details about property attributes are 

needed, such that a repeated-measures index is the most appropriate to reflect the 

housing market in the long run. 

In Chapter 3, we applied the repeated-measures methodology to rents for Amsterdam 

properties between 1550 and 1850, and call the resulting constant-quality index the 

Repeated-Rent index. This had not been done before at the moment of the first 

presentation. Since the index only considers changes in rents, it will reflect current 

market values. The specific characteristics of the data we use meet most important 

drawbacks of this index construction method, and biases arising from sample selection 

bias and temporal aggregation are avoided. The indices constructed for verification 

describe roughly the same pattern, although considerable differences exist. Moreover, the 

verification indices are not constant-quality and do not reflect market values. 



1 6 0 CHAPTER 9 

The constructed rent index and a repeat-sales index for Amsterdam property prices are 

used to study the historical housing market in Chapter 4. Most long-run housing market 

studies concern time periods of at most a few decades, which seldom show more than 

one boom and one bust. This might yield an incorrect perception of housing risk. 

According to the 300-year rent index, the development of residential rents over time is 

quite volatile, and rent volatility has shown remarkable differences over time. The same 

conclusions apply to the prices of owner-occupied properties, which are studied for 350 

years. The housing market tracks the economy amazingly well in the long run. Moreover, 

in case of major socio-economic events, the housing market is able to adjust very quickly. 

In those circumstances, residential real estate does not provide any protection, and faces 

the investor with large risks. The focus of modern real estate research on the most recent 

and very prosperous decades probably yields an overly optimistic view on real estate 

performance. 

Besides being affected in nominal terms, housing market returns could be eroded by 

inflation. Chapter 5 clearly showed that owning a house only offers inflation protection 

in the long run, and only if inflation is persistent. In periods when inflation is not 

persistent, as was the case before this century, house price changes are not positively 

related to the inflation rate. Now, however, the economy shows signs of moving towards 

a state in which inflation is no longer persistent, or at least not as persistent as it has been 

in the last decades. That is generally heralded as a very positive thing, but this chapter 

shows that it will also have an important drawback: home-ownership will no longer offer 

inflation protection, not even in the long run. 

Micro-level housing market risk 

Although macro-level market forces could be a serious threat to house prices, this is only 

one aspect of housing market risk. At a micro-level, prices could be affected as well. Two 

potentially harmful externalities receiving a lot of attention in the Dutch media concern 

accommodation centers for asylum seekers, and traffic noise generated by increasing 

intensity of traffic by air, road and rail. In Chapter 6, we explained how hedonic 

regression can be used to estimate the impact of externalities on house prices, and 

discussed how methods applying spatial information could improve this analysis. 

Although many studies used hedonic regression to study housing market externalities, 

and many other studies showed how spatial techniques could improve hedonic 

regression, the combination of both techniques has not been used in real estate literature. 

A simulation illustrated how this combination could yield a more reliable externality 

analysis. 

In this thesis, we studied both mentioned externalities for the Netherlands. In Chapter 7, 

we analyzed the impact of accommodation centers for asylum seekers on the sales prices 

of surrounding properties. Since current accommodation centers are overcrowded and 

the inflow of asylum seekers seems to remain high, a growing need for new centers is 

likely. This might cause an increasing number of incidents and financial claims by 
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opponents of new centers. This is not just a matter for the Netherlands, but for many 

rich countries, especially in Europe. 

To study whether financial claims for affected property prices are correct, we used 

information from 113,574 residential property transactions that occurred in the western 

part of the Netherlands during the years 1997 through 1999, and studied all 55 

accommodation centers that were in operation during this period. In the majority of all 

cases, we found that the proximity of these centers did not influence property prices 

significantly. Additional analysis shows the time it took to sell a property near a center 

did not differ from comparable properties elsewhere, and the difference between the 

original ask price and actual sales price was not significant either. Despite all prejudices, 

we conclude that centers for asylum seekers are no NIMBYs, and that, generally 

speaking, claims to the contrary could not be justified in financial terms. 

The annoyance citizens perceive from noise has become another national topic in the 

Netherlands. Currently, large infrastructural projects are planned, like expansion of the 

main airport and the construction of railroads for high-speed international trains. These 

projects face strong opposition from pressure groups. Moreover, in the near future, local 

governments will be allowed to determine and enforce differentiated noise limits for 

specific areas within their municipality. This validates a study after the impact of new 

infrastructure and more compliant noise limits on values of surrounding properties, as a 

reference for potential compensation to harmed homeowners. Alternatively, the 

capitalized value of noise in house prices could be used to estimate the benefits of noise 

reduction, for example by construction of noise barriers along highways or by more rigid 

noise contours for airports. In Chapter 8, we find that noise levels above 65 decibels 

appear to be capitalized into prices, with a maximum discount of approximately 10 

percent. We derive this conclusion by allowing for a nonlinear relationship between 

prices and noise levels, which has not been done before, to our knowledge. This 

approach reveals that reducing noise from a loud (71-75 dB) to moderately loud level 

(66-70 dB) has a larger impact on property values than reducing noise from very loud 

(over 75 dB) to loud level, or a reduction from moderately loud to quiet. Apart from the 

nonlinear relationship, our findings are in line with results from international studies. 

Future research 
All kinds of studies can be performed with the data used for this thesis, or with the 

constructed indices. For example, the rent index and the Amsterdam property sales price 

index can be used to study market efficiency for over 200 years. The data used to 

construct the rent index provides a lot of information on lease terms. We already 

indicated regularities in lease terms over time, related to economic conditions. The 

property rent and sales price indices may be used as well in comparative performance 

studies with stock and bond returns for the long run. We performed our micro-level risk 

analysis by means of a hedonic regression, to test whether properties located nearby an 

externality sell for a lower price than similar properties elsewhere. However, additional 
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insights could be gained from a study analyzing property prices both before and after the 

opening of an accommodation center for asylum seekers, or before and after large 

infrastmctural changes. This type of analysis is possible if our rather short data period is 

extended by new data. Besides, the existing studies can be refined, by taking smaller 

threshold distances for properties surrounding asylum seekers' centers, for example. 

Moreover, since we linked property attributes to the exact location of properties, other 

spatial studies are possible. For example, these data allow tests for housing market sub-

markets. Therefore, a lot of housing market risk is still to be studied. 

At this very moment, at a worldwide level, people consider trading housing market risk. 

Products like home equity insurance, shared appreciation mortgages and derivatives on 

house price indices could be of great practical use for investors and homeowners, in 

order to manage housing market risk. We will have to wait and see what the future will 

bring to housing market participants. 
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Nederlandse samenvatting 

In veel woningmarkten bestaat er de laatste jaren weinig aanleiding om in termen van 

risico te denken. Zo verdubbelden prijzen van Nederlandse koopwoningen in acht jaar 

tijd, maar lieten bijvoorbeeld ook de Amerikaanse en de Engelse woningmarkt 

voornamelijk positieve ontwikkelingen zien. Een minder bijziende blik leidt echter tot 

een ander inzicht: prijsontwikkelingen zijn niet altijd zo gunstig geweest. Over een lange 

periode bezien blijkt de woningmarkt zelfs de helft van het risico van de aandelenmarkt 

te dragen. 

Algemene woningmarktbewegingen vormen echter nog maar één aspect van het totale 

risico. Behalve factoren die woningen in heel Nederland beïnvloeden, zijn er ook 

onbeheersbare factoren die tot prijsveranderingen van specifieke woningen kunnen 

leiden. Zouden de waarden van woningen rond een vuurwerkfabriek voor en na de 

ontploffing in Enschede op 13 mei 2000 gelijk zijn? En heeft de komst van een 

asielzoekerscentrum invloed op de prijzen van omliggende woningen? 

Deze beide aspecten van het woningmarktrisico, de macro- en de microfactoren, komen 

in dit proefschrift aan bod. De algemene woningmarktontwikkelingen worden in het 

eerste deel voor een zeer lange tijdshorizon bestudeerd, waarbij ontwikkelingen op de 

woningmarkt worden onderzocht op invloeden van de algehele economie en specifieke 

gebeurtenissen. Ook wordt er ingegaan op de aantasting van woningwaarden door 

inflatie. Het tweede gedeelte van dit proefschrift beantwoordt de vraag of 

asielzoekerscentra en verkeerslawaai huizenprijzen beïnvloeden, twee in de media 

veelbesproken bedreigingen van huizenprijzen. 

Woningmarktrisico op macroniveau 
Voor het analyseren van de woningmarkt op lange termijn zijn er indices nodig die de 

markt ook op lange termijn beschrijven. Deze indices zijn echter niet op voorhand 

beschikbaar en moeten zelf worden geconstrueerd op basis van historische gegevens. 

Talrijke studies op het gebied van indexconstructie hebben duidelijk gemaakt dat 

zogenaamde constante-kwaliteitsindices, zoals een hedonische index of een repeated-

measures index, hiervoor vanuit theoretisch oogpunt het meest geschikt zijn. In de 

praktijk hangt de keuze voor een specifieke constante-kwaliteitsindex vaak af van de 

beschikbaarheid van de hiervoor benodigde gegevens. Zo zijn hedonische indices niet 

geschikt voor de constructie van indices op zeer lange termijn, omdat voor deze indices 

veel gedetailleerde informatie over individuele panden nodig is. Omdat een repeated-

measures index veel minder gegevens nodig heeft is dit een geschiktere methode om 

woningmarktontwikkelingen op lange termijn weer te geven. 

Derhalve wordt de repeated-measures regressie in hoofdstuk 2 toegepast op huren die 

tussen 1550 en 1850 voor Amsterdamse woningen zijn betaald. De resulterende index 
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noemen we de Repeated-Rent Index. Een dergelijke toepassing op huren had tot op het 

moment van de eerste bekendmaking van onze resultaten bij ons weten nog niet eerder 

plaatsgevonden. Omdat de index alleen op huurveranderingen is gebaseerd, zal deze de 

markthuren weergeven in plaats van de huurkasstromen. Door de specifieke 

eigenschappen van de gebruikte data worden de belangrijkste nadelen van de repeated-

measures methode, zoals vertekeningen door sample selection bias en temporal aggregation bias, 

vermeden. Voor verificatie van de ontwikkelde index zijn er alternatieve huurindices 

geconstrueerd, die ruwweg dezelfde patronen beschrijven, alhoewel er aanzienlijke 

verschillen optreden. De alternatieve indices zijn echter geen constante-kwaliteitsindices; 

bovendien geven zij kasstromen weer, geen markthuren. 

Nadat in hoofdstuk 4 op dezelfde wijze een index voor de prijzen van Amsterdamse 

koopwoningen wordt geschat, worden de ontwikkelde indices voor huren en prijzen 

gerelateerd aan economische reeksen als conjuntuurontwikkeling, rente, lonen en inflatie, 

voor een periode die meerdere eeuwen beslaat. De ontwikkeling van woningprijzen en 

huren over tijd blijkt tamelijk volatiel, waarbij de volatiliteit grote verschillen in de tijd laat 

zien. Prijzen van woningen zijn echter nog volatieler dan huren. De woningmarkt volgt 

de economie verrassend nauw op de lange termijn en kan bovendien zeer snel reageren 

op belangrijke socio-economische gebeurtenissen. Onder die omstandigheden bieden 

woningen weinig bescherming tegen de economie, waardoor eigenaren of beleggers 

blootstaan aan aanzienlijke risico's. Vastgoedstudies die alleen de meest recente en zeer 

welvarende decennia bestuderen geven daarom een te optimistische kijk. 

Rendementen worden niet alleen in nominale termen bedreigd, zij kunnen ook door 

inflatie worden aangetast. Hoofdstuk 5 toont aan dat een eigen woning alleen op de lange 

termijn tegen inflatie beschermt en alleen als de inflatie persistent is. Momenteel lijkt de 

inflatie steeds minder consistent te worden ten opzichte van het verleden. Over het 

algemeen wordt dit als positief ervaren, maar dit hoofdstuk toont aan dat dit ook een 

belangrijk nadeel kan hebben: het bezit van een eigen woning zal niet langer tegen inflatie 

beschermd zijn, zelfs niet op lange termijn. 

Woningmarktrisico op microniveau 
De hiervoor beschreven invloeden op macroniveau kunnen een serieuze bedreiging voor 

woninghuren en -prijzen vormen. O p microniveau kunnen rendementen echter ook 

worden aangetast. Zo ontvingen twee mogelijk schadelijke externe factoren recentelijk 

veel aandacht in de Nederlandse media: asielzoekerscentra en verkeerslawaai. In 

hoofdstuk 6 verklaren we hoe de andere constante-kwaliteitsindex, de hedonische index, 

kan worden gebruikt om de invloed van dergelijke factoren op huizenprijzen te 

onderzoeken. Ook wordt uitgelegd hoe deze analyse kan worden verbeterd met behulp 

van zogenaamde spatial regression technieken. Hoewel er veel studies zijn geweest die 

hedonische regressie gebruiken voor analyse van de prijsinvloed van externe factoren, en 

er veel studies hebben aangetoond hoe ruimtelijke technieken een hedonische regressie 

kunnen verbeteren, is de combinatie van beide technieken echter nog niet eerder voor dit 
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doel in de vastgoedliteratuur verschenen. Een simulatie toont aan hoe deze combinatie 

werkt en tot een betrouwbaarder analyse van externe factoren leidt. 

In hoofdstuk 7 bestuderen we de invloed van asielzoekerscentra op de prijzen van 

omliggende woningen. Omdat de huidige asielzoekerscentra kampen met ondercapaciteit, 

waarbij de instroom van nieuwe asielzoekers aanblijft en de uitstroom overtreft, zijn er 

steeds meer centra nodig. Dit zou kunnen leiden tot een toenemend aantal incidenten en 

financiële claims van omwonenden. Dit geldt niet alleen voor Nederland, maar voor vele 

landen, vooral in Europa. O m de juistheid van de financiële claims te onderzoeken 

gebruiken we informatie van 113.574 woningen die in de jaren 1997 tot en met 1999 zijn 

verkocht in de provincies Noord-Holland, Zuid-Holland en Utrecht, tezamen met 

informatie van alle 55 asielzoekerscentra die gedurende deze periode in deze provincies 

operationeel waren. Onze resultaten suggereren dat asielzoekerscentra over het algemeen 

geen enkele aantoonbare invloed hebben gehad op de prijzen van de onderzochte 

omliggende woningen. Ook duurde het niet langer om een woning in de buurt van een 

asielzoekerscentrum te verkopen, en hoefde de verkoper qua realisatie van de vraagprijs 

niet meer aan de koper tegemoet te komen dan in andere gevallen. Ondanks alle 

vooroordelen concluderen we dat asielzoekerscentra over de onderzochte periode geen 

"NIMBY's" zijn geweest, zodat de claims over het algemeen niet in financiële termen 

kunnen worden gerechtvaardigd. 

Een ander veelbesproken onderwerp in de Nederlandse media betreft de klachten over 

geluidsoverlast. O p dit moment worden er grootschalige infrastructurele projecten 

gepland en gerealiseerd, zoals uitbreiding van Schiphol en de aanleg van 

hogesnelheidslijnen. Deze projecten stuiten op sterke weerstand van actiegroepen. 

Bovendien zullen lokale overheden naar aanleiding van Europese regelgeving in de nabije 

toekomst zelf geluidslimieten mogen bepalen en afdwingen. Deze weerstanden en 

veranderingen rechtvaardigen een studie naar de invloed van geluidsoverlast op 

woningprijzen, die kan dienen als referentie voor potentiële compensatie aan getroffen 

huiseigenaren. Anderzijds kunnen de resultaten worden gebruikt voor een inschatting 

van de baten van geluidsreductie door bijvoorbeeld een geluidswal of strengere 

geluidscontouren. In hoofdstuk 8 tonen we aan dat geluidsniveaus boven de 65 decibel 

huizenprijzen drukken, met een invloed die maximaal rond de 10 procent ligt. Deze 

conclusie ontstaat door de geschatte prijsinvloed afhankelijk van het geluidsniveau te 

maken, wat bij ons weten niet eerder is gebeurd. Die benadering maakt duidelijk dat de 

reductie van een luid niveau (71-75 decibel, vergelijkbaar met intensief stadsverkeer) tot 

een gematigd luid niveau (66-70 decibel, normaal stadsverkeer) een sterker effect heeft op 

woningwaarden dan een reductie van een zeer luid niveau (meer dan 75 decibel, zwaar 

verkeer) tot een luid niveau. In tegenstelling tot wat doorgaans in studies wordt 

aangenomen, leidt niet elke geluidsreductie van 1 decibel tot een even grote 

prijsverandering. Afgezien van dit onderscheid zijn onze resultaten voor Nederland 

vergelijkbaar met resultaten van internationale studies. 
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Tenslotte 

Dit proefschrift bestudeert concrete risico's op de woningmarkt. Er is aangetoond dat 

woningbezitters via hun huis aan economische ontwikkelingen blootstaan, en dat de 

bescherming tegen inflatie verbetert als de beleggingshorizon langer wordt. Verder wordt 

geconcludeerd dat asielzoekerscentra, tegen de publieke opinie in, geen invloed op 

huizenprijzen hebben. Verkeerslawaai heeft dit echter wel. Uiteraard betreffen deze 

risico-aspecten slechts enkele kenmerken en veroorzakers van woningmarktrisico. 

Niettemin hebben de conclusies praktische relevantie voor beleidsmakers, beleggers en 

woningeigenaren. 

Momenteel wordt er wereldwijd nagedacht over het verhandelen van woningmarktrisico. 

Producten als woningwaardeverzekeringen, waardedelingshypotheken en 

termijncontracten op huizenprijsindices kunnen van groot praktisch nut zijn voor 

beleggers en huiseigenaren, door naar eigen inzicht met woningmarktrisico te kunnen 

omgaan. Het is dus afwachten wat de toekomst de woningmarkt brengt. 
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This thesis focuses on several aspects of the risk all homeowners and 
housing investors are exposed to. It addresses concrete questions 
concerning housing market risk, at two levels. At the macro-level, the 
thesis examines how house prices and rents are exposed to the general 
economy and major socio-economic events, and how well residential 
properties are protected against inflation. These analyses involve 
developments in the very long run. At a micro-level, this thesis discusses 
two possible threats to property values that currently receive a lot of 
media attention: the impact of accommodation centers for asylum seekers, 
and the impact of traffic noise, as caused by expansion of the airport or 
construction of high-speed railroads. The results of this research have 
important practical implications for housing policy, investors, and all 
homeowners. 
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