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Compensation of regional
unemployment in housing markets

Abstract: Why are regional unemployment differentials in Europe so persistent theas
wage curve literature demonstrates, there is no compensation in labouretstarkve
hypothesize that workers in high-unemployment regions are compensated in hoasets.
Modelling regional unemployment differentials as a consequence of centraliagd
bargaining, we show that clearing of land markets may undo the incentiweofiers to
migrate to low-unemployment regions in general equilibrium. The compensatergmitls
hypothesis is tested on city-level data for several countries. Qlorgrdor variation in
income and amenities, housing is found to be about 3 percent less experswzage in
cities where unemployment is 10 percent up. An analysis of housing demand daia/e
which takes account of housing heterogeneity, yields a similar negatateomship. The
magnitude of the income effect generated by this compensating differential is nbmstbta

-0.10 wage curve elasticity. These findings weaken the case for regional support programs.

Keywords: regional unemployment, housing markets, wage curve, compensating

differentials, hedonic models, regional policy

Classification-JEL: R23, R13, J64



1 Introduction

The puzzle that inspired our research is the coexistencewsdga curveand persistent
regional unemployment differentials. Blanchflower and Oswald (1p825ent evidence of a
wage curve for a variety of countries and time periods, consistiemiding wages to be 1
percent lower in regions where unemployment is 10 percent up (cf. &rabt 1992, Card,
1995, Baltagi and Blien, 1998). Their analysis contradicts a lorty-belief that wages
compensate for regional unemployment differentials, which originttee Harris and
Todaro (1970) and Hall (1970, 1972). If workers in high-unemployment regiondoseer
wages, one would expect regional differences in unemployment fapdisathrough labour
migration in a relatively short period of time. However, it idlvestablished that regional
unemployment differentials may be large and very persisteatioprinantly in European
countries (cf. OECD, 2000, 2005, Overman and Puga, 2002).

Persistence of regional unemployment differentials is useaained with barriers
to interregional migration, possibly related to housing markeitttisns (cf. OECD, 2005).
However, if regional unemployment differentials persist foorgér period, say 10 to 20
years, costly adjustment alone does not seem to be a satistaxqgtagatiorf. An alternative
view is that these regional differences in unemploymentateti@ equilibrium outcome.
Workers should then enjoy the same utility in each region, beingpe&osated in other
markets for high regional unemployment rates. This second lireasbning, the existence of
compensating differentials, will be pursued in the present paper.

Although compensating differentials may operate through any consunguaxh a
priori, the two most obvious channels are amenities and housing mdtketthe United
States, empirical evidence seems to support the hypothesis thatsaam&ept less favourable
labour market conditions if a region offers consumer amenitiesasielm agreeable climate
(cf. Roback, 1982, Marston, 1985, Blomquist et al., 1988, Gyourko and Tracy, 1989° 1991).
One may wonder however, what amenity could explain the large régidfexences in
unemployment, observed in for example Germany or the United Kingddnch seem
relatively homogeneous in terms of climate and natural scenerye Modamentally, as

! The relationship between housing market instingiand migration has been investigated amongstsothe
Minford et al. (1987) and Hughes and McCormick (Z98&vho point to the lack of private sector rentaits as a
major factor. A related issue that has receivedsiciemable attention in the literature is thewald hypothesjs
which states that owner occupancy raises aggregaieployment because it hampers labour mobilitynEd,

1999).

2 For one reason, trade and mobility of capital tayexpected to equilibrate regional labour markepatities
over such a long period, even if labour is compyetamobile.



pointed out by Roback (1982), consumer amenities are capitalized in fabdcets only to
the extent that producers compete with consumers for land. Othethey are capitalized in
land markets. Therefore, it seems implausible that regionalplogment differentials within
European countries are fully compensated by amenities. Carlson (2a6@)only study we
are aware of that tests the amenity model on European dataqffeayy, and he rejects it.
The alternative hypothesis that workers are compensated in(teusging) markets has
received less attention in the literature sc'fahis is all the more surprising, because in many
countries, the observation that houses are less expensive in high-unemploymensesgitns
almost evident.

Although we believe that compensation in housing markets may atcseveral
institutional settings, we will present here a stylized corgpery model with centralized
wage bargaining. In many continental European countries, centralizecda@gening covers
more than 80 percent of employees (OECD, 2004), so it seentsiral redarting point for
explaining regional unemploymehtin our model, this labour market distortion hampers
adjustment of wages to lower labour productivity levels in theppery, which results in
unemployment. We demonstrate that in general equilibrium, worketkei periphery are
compensated by lower house prices.

Compensation in housing markets may be relevant not only in equilidsiuna)so in
the adjustment process towards equilibrium. Durability and inelasiply of housing,
possibly related to growth controls or other spatial policies, yingplstrong relationship
between prices and labour market shocks (cf. Glaeser and Gyourko, 208%¢rGia al.,

% Most of these papers consider compensation foewéferentials, rather than unemployment.

* Compensation in housing markets has received sti@etion in the urban economics literature. Fameple,
Zenou and Smith (1995) and Brueckner and ZenouQ)19&sent urban efficiency wage models, in whiwre

is a trade off between local unemployment and hquazes. Smith and Zenou (2003) present a moddd wit
compensation in housing markets where the labourkehaimperfection is mismatch rather than costly
monitoring. At the level of regions, the existermfecompensating differentials is indicated indirgdiy the
limited sensitivity of aggregate migration to reggb wage and unemployment differentials, found umerous
studies (cf. OECD, 2000, 2005). Analyses that ideluegional house prices tend to find that thewycff
migration patterns significantly (cf. Jackman arav@&iri, 1992, Cameron and Muellbauer, 1998). Theselts
are consistent with the view that lower house gricempensate workers for less favourable regicatadur
market perspectives. Finally, we refer to two papkat evaluate the impact of regional house picesarnings
and unemployment in the UK (Blackaby and Mannin§92, and Cameron and Muellbauer, 2001). These
studies find upward effects of house prices on iagsy which is consistent with compensation of veage
housing markets. Cameron and Muellbauer (2001)faidoan upward effect of house prices on unempleryim
which they interpret as an (exogenous) cost-oftlonaeffect. Modelling earnings and unemploymehgse
studies do not provide direct evidence of compémsan housing markets.

®> However, there have been hardly any attempts atyse these consequences in a formal economic madel
exception is Faini (1999), who relates unionizatmmnunskilled workers to depressed growth in backiva
regions. The author provides two interesting calsashighlight the impact of centralized wage barge. He
relates the surge in unemployment in East Germarkid period 1990 - 1992 to a decrease in wageuality



2005). For example, as migrants move away from regions experieadwgyse demand
shocks, house prices may increase in low unemployment regiotes{ineshort-run supply)
and decrease in high unemployment regions (durability). The resuttmgpensating
differential may be larger than capitalization in land markets can account fo

The empirical evidence presented in this paper is based on twe bfpdata.
Information on labour and housing market conditions at the city levéérnised from the
Urban Audit (European Commission, 2004). Negative bivariate relationstipedreaverage
house prices per square meter and unemployment rates are lesthibdis all 9 European
countries in our sample. Elasticities in a range from -0.4 toc@®ot be rejected at the 10
percent level of significance for any country. Controlling for incored amenity
differentials, an elasticity to unemployment of about -0.3 is found.

Estimates based on the city-level data may overstate the caatipgrdifferential, if
households in low-unemployment cities occupy houses that are of a ljghkty, or
understate it, if these houses are smaller on avéraigese objections are examined in an
analysis that employs housing demand survey data for the NetheN&rdsbtain regional
land rent differentials by regressing house prices on chéasdicte and region dummies. For
both house prices and land rents, a negative elasticity is foundsartteeorder of magnitude
as indicated by the European data.

We embed the compensating differentials hypothesis in a thebfetiteework in the
next two sections. The general equilibrium model with centralzage bargaining will be
presented in Section 2, whereas the role of housing markets amakgdjustment processes
is the subject of section 3. Section 4 contains our empirical @salgsth of city-level and
micro data. In concluding the paper, Section 5 interprets the magwoitikde compensating
differential implied. Furthermore, we discuss a number of poligfiaations here. The most
fundamental one probably is that evidence of compensation weakens ¢hforcasgional
support programs, of which there is an abundance in the European Union anafnitan

member states nowadays.

and he notes that unemployment in the Italian Mgirao region rose rapidly after the 1968 pushviage
equalization. Overman and Puga (2002) also prowisliglized model with regional wage rigidities.

® The housing markets literature stresses thatemd) heterogeneity is a fundamental property ofimguas a
consumption good (Smith et al., 1988).



2 An equilibrium relationship between unemployment and house prices

In a long-run equilibrium, land prices are likely to be the nagterminant of regional house
price differentials. Hence, we model regional land marketsrrétthe housing markets in this
section. The essential property of land that generates compendiffigmgntials is that it is
neither tradable nor producible. Intuitively, land prices are higheegions with attractive
labour market conditions, because more workers want to live thersuppty is fixed. We
formalize this intuition in a general equilibrium model in whidfe tlabour market is
characterized by centralized wage bargaifiiigage setting in this model is dominated by the
economic conditions in the core region, in which labour is more produtttave in the
periphery. Unemployment in peripheral regions results because ,\wsajeat the national
level, exceed the marginal productivity of labour. In equilibrium, rotgaof land markets

undoes the incentive for workers to move to the core.

Regional land markets

The regional supply of land is assumed to be fixed in our model. Hanoeyket clearing
rent can be derived by solving the consumer problem, under the add#ssuanption that
firms do not use land as a production factor. Suppose that all worketsoarogeneous,

consuming land and a composite gootl Given a Cobb-Douglas functional form, the utility
equalsuU (Xi ,S): SPX#, where subscrigt denotes the region. Dependent on the workers’

employment status, her inconheequals the regional wage or unemployment benefits
(with b < w).° It is assumed that the composite good is traded on world manketis arice
is normalized to unity. The land rentfaced by a worker is specific to the region of residence.
Solving the utility maximization problem, the worker consurfies f)I; units of X andpli/r;
units of land.

For simplicity, we assume that each region has the same erebwirand, which is

normalized to unity. LetP; denote the regional population. Furthermoteg, is the

" A positive relationship between the size of thgiaral workforce and land prices may work througmere
subtle channel than fixed supply of land. Suppbagéih each region, workers live in a city and jdevabour in
the local Central Business District. It is wellastshed in the urban economics literature thatcthsts of living
in a city increase with city size, either througimmmuting costs or land prices (cf. Fujita, 198%efefore, as
more workers move to the core city to earn highages, the costs of living increase. In equilibrivmage
differentials are fully compensated by the sumafde prices and commuting costs in such a model.

8 Alternatively, we could have chosen labour markitions or efficiency wages as a source of reglon
unemployment differentials, to arrive at similasults. For example, Blanchflower and Oswald (1984ksent a
regional efficiency wage model that can be easiterded with land markets.

® The worker is assumed to consume land and suapbut in the same region, so there is no commuting.



(endogenous) regional unemployment rate. Clearing of land markplies the following

equilibrium rent:
= Pilg[uib"'(l_ U; )Wu] (1)

The rent equation (1) illustrates an important mechanism. Inr8tgface, incomes are partly
capitalized in land markets, and secondly, rents increase witlretiienal population.
Therefore, rents decrease with the regional unemploymenbesiase the average income is
lower in a high-unemployment region, and because such a regiocattnalit less inhabitants

in equilibrium (OP /0u, <0).

Labour markets and centralized wage bargaining
Regional differences in labour productivity drive regional unemployndifferentials.
Economies of agglomeration are a plausible source of productiigratitials, but as the
focus of this paper is on interaction of labour and land markets, wetdake up the burden
of modelling these explicitly? Instead, we assume that regions have different endowments of
capital, and therefore vary in productivity. Capital is not tradeddst regions. As we will
analyse a core-periphery model, we assume that the core haeracladowment of capital.
Each region specializes in the production of a different good that is traded on wdddsmar
Let C; denote the endowment of capital in regioSuppose that regiahis the core,
and region2 is the periphery, the; > C,. For simplicity, we assume that elasticities of
substitution between labour and capital are the same in each region. Labour thcieathe
only inputs in the production process, so input markets for intermediates g¢s well as land

are ignored. Under Cobb-Douglas technology, production eqQatsL’C™, where L;

denotes labour. Equating marginal costs to marginal productivity andahzing output

prices to unity, we obtain the factor demarids=aQ /w; and C, =(1—a')Qi /s , wheres
denotes the rent to capital. We substitute the demand for labour pnottheéction function to
obtain Q =a“**w *“C,. In turn, substitution o€, in the labour demand equation yields

L =a"w™*“C, . The level of production and labour demand are thus determined by the

wage and the regional endowment of capital.

10 See Helpman (1998), Tabuchi (1998) or Ottavianal.ef2002) for models with endogenous agglomenatio
economies, where urban cost of living differentiale a source of dispersion. However, these mattelsot
consider labour market imperfections and unemplayme



An important element of our model is that, instead of clearinguamarkets in each
region, wages are set at the national levelse w,). Although several union strategies can
be modelled in our framework, we make the simplifying assumptidrittbacore is dominant
in wage negotiations. Therefore, wages are set such thiattshatear in the core region. As
labour is less productive in the periphery, the wage is set aboketneégaring level in this

region. Assuming that every worker supplies one unit of labour, equabogrl demand and
supply in the core (region 1) yieldw:a(Cl/Pl)l‘”. Substituting this wage in the labour
demand equation for the periphery (region 2), we obttain P,C, /C, . As long a<; is such

that labour demand in the periphery does not exceed supply, the unemplogtedantthis

region can then be computed:

o

1 G

PC, (2)

u, =1-

It will be shown that in an interregional equilibrium, the populatioregian 2 does exceed

labour demand.

Interregional equilibrium
The condition for interregional equilibrium is that expected utilityeach region is equal.
Each worker in a region faces the same probability of begpom@mployed, and workers
choose a region knowing this probability in advance. When choosing theon redgi
residence, workers do not face any migration costs, but theseatespsohibitively high
afterwards. In other words, workers choose a region of residence ifoliftheme. We thus
rule out situations in which workers enjoy low land prices in theppery, but move to the
core immediately after they have become unempldyed.

Substituting demand for land and the composite good in the utility dueneind

equating expected indirect utility in each region, we obtain the equilibrium mndit

rfw=r,” [b + (1_ U, )(W_ b)] 3)

™ Compare for example the regional efficiency wagelet in Blanchflower and Oswald (1994), where ailsim
assumption is made.



In order to arrive at a simple analytical solution, we assuraethe benefit level is zero.
Substituting the rent equation (1) and the unemployment equation (2) inemuai#rium

condition (3) yields after some rewriting /P, =(C,/C,)" . The majority of people live in
the core, where the capital endowment is largest and labour ncarditions are the most
favourable. The implied unemployment rateis= 1—(Cz/Cl)ﬂ. We verify that labour supply

in the periphery exceeds demandCas> C,. The rent gradient can be expressed in terms of

the peripheral unemployment rate in the following way:

2 = (1-u,)” (4)

N

Equation 4 shows that regional land rent differentials correlajatively to unemployment
differentials, compensating workers for less favourable laboukehaonditions. It provides
an economic interpretation for estimates of the relationship eeetwhouse prices and
unemployment, which will be presented in a more general framework in Secfion 4
Finally, note that the condition that wages are the same inregicim may be relaxed.
For instance, let us assume that regional wage rigiditietodogrgaining at the national level
hamper full adjustment to local labour market conditions, without castyi the wage at
exactly the same level in each region. Unemployment exidtse periphery as long as the
wage is set above its competitive level, and regional wages andplayement correlate
negatively. Hence, in this extension, both a wage curve and regimshployment

differentials are observed in equilibrium.
3 Compensation and regional adjustment

Housing markets may play a major role not only in a long-run compegsguilibrium, but
also in the adjustment process towards such an equilibrium. Releogetrtps of housing
markets that generate compensation are inelastic supply andliducdhtonstructs. Even in
the absence of any government involvement in housing or related inpkgtspashort-run

supply of housing is inelastic because of the construction prddessg land suitable for

21n order to close the general equilibrium mode$, ave to discuss ownership of land and capitgipSse
that land and capital are owned by a governmenighMeases these commodities to consumers and qeoslu
respectively. The rents are used to finance ungmmpot benefits and excess government income is



building, constructing houses and providing the necessary infrastracaiteme-consuming
activities. Moreover, regulations regarding the type and locatidmo$ing, as well as the
involvement of municipalities and local communities, are likely tdaydeconstruction
substantially. Once built, the constructs tend to remain in pieackecades, or even centuries.
Glaeser and Gyourko (2005) present evidence for the US that downeyastheent of the
housing stock is even more inelastic than supply of new houses becadseability,
implying that urban decline takes much longer than urban growth.

Let us consider a two region model again, where markets atemad to be in
equilibrium. Suppose that one of the regions is hit by an adverse lalmandeshock. In this
region, wages will go down, unemployment will rise, and labour miirate to the other
region. Durability of housing in the region that experienced the ashatrsck implies that
supply does not adjust to decreased demand, and house prices go down. Moresoypglyas
of housing in the other region is rigid, house prices will go up therthé short run®
Rigidities in housing markets thus create a short-run compenshtiagential that exceeds
compensation in a long-run equilibrium, sustaining regional unemploymédeatedifials out
of equilibrium.

Inelastic supply and durability of housing affect aggregate ursgment as well as
regional unemployment differentials, because labour mobility would eeduny spatial
mismatch of labour supply and demand. Evidence is provided by Bover(2089), who
analyse aggregate time series of wages and unemploymentUKitk@r both variables, they
find an upward effect of regional cost-of-living differentials aofl housing market

institutions that hamper mobility.
4 Empirical analysis

Section 2 demonstrates that a plausible set of assumptions magtgerwiilibrium regional
unemployment differentials and compensation in housing markets, but welerotise
derived model too stylized for a direct confrontation with the datgalticular, wages are
unlikely to be fully fixed by centralized wage bargaining, ameté may be compensation in
amenity differentials. Therefore, we employ a more genesatdwork for estimation of the

redistributed through lump sum transfers. Althowdsing the model in this way would make the anedyt
solution more cumbersome, the qualitative propgifehe model would not be affected.

13 Glaeser et al. (2005) show for US metropolitaragrthat positive demand shocks translate into refitgh
house prices and wages or population growth, depgndn the rigidity of housing supply. They find a

10



compensating differential. Maintaining the assumption that equilibisuachieved through
worker mobility, it is implied that (expected) utility in each region is #aes In the presence
of wage and amenity differentials, this-arbitrage conditionGlaeser and Gyourko, 2005)

can be written in the following manner:
housingcosts= f(wagesunemploymat,amenitie% (5)

Equation 5 states that housing costs are higher in locations teathafher wages, lower
unemployment rates and more valuable amenities. We may inteergsea hedonic model for
land rents, fitting the framework that was essentiallyosgtby Rosen (1979) and Roback
(1982)* The coefficient for unemployment reflects the compensatingrdiftial in housing
markets that theory predictslt should be noted that it does not have a causal interpretation
because house prices, wages and unemployment are simultaneoustyneetteén a general
equilibrium. This no-arbitrage condition underpins our empirical spatifics, which are
estimated on city-level data in Section 4.1 and on housing demand suraewy @#ction
4.2

4.1  European Urban Audit data

In the Urban Audit (European Commission, 2004), unemployment and averagephicase
per square meteare observed for 113 cities in 9 different countries, in the period 1999 -
2003 Appendix 1 contains a table with all the observations. Although our thedret
analysis was primarily at the level of regions, an empidoalysis of cities has the advantage

significant impact of local regulation on housecps and wages. In Europe, where land use cont®lstanger

in most countries, these effects are expected &irbager.

14 Blomquist et al. (1988) and Gyourko and Tracy @,9B991) and Glaeser and Gyourko (2005) are studies
the same tradition.

5 In the theoretical analysis, we have assumedloakers choose a region of residence for their tiifiee.
Forward looking behaviouimplies a relationship between house prices angrégpiately discounted) future
regional unemployment rates or, loosely speaking,structural unemployment rate. In the empiricallgsis,

we include the current unemployment rate, which banregarded as a reasonable approximation of the
structural rate in a cross-sectional analysis. H@me measurement error implies that our estimates o
compensation for structural unemployment are caasiee.

'8 The collection of regional house price data fdfedent countries in Europe, let alone micro ecoitodata
that allow controlling for housing attributes, hasned out to be a difficult task. Given the relesm of the
subject for policy, more effort in the collectiohsuch data by national and international orgairatwould be
most welcome in our view.

" This dataset is collected by Eurostat, and it aimst information on cities in EU member states. riiée
covered range from demography and socio-econompecés to environment. Therefore, the choice for
covariates reflecting amenity differentials is telaly broad. The data being presented at thréferdnt spatial

11



that these are more homogeneous than regions. Moreover, intercityutiomis likely to be
much smaller than interregional commutifigtable 1 shows bivariate relationships between
house prices and unemployment rates, both in logarithms, for each country separately.
This analysis provides preliminary evidence of compensation in housespri
indicating a negative relationship with unemployment éach country. For 5 out of 9
countries, including the countries for which we have the most observatih@engstimated
elasticity is between -0.4 and -0.6. Furthermore, an elasticithisnrange would not be
statistically rejected at the 10 percent level for ahthe other countrie¥ The relationship
seems sufficiently homogeneous over countries to justify poolitigeoflata. In a regression
of house prices on unemployment and country dummies, shown in the first column of Table 2,
we find an elasticity of -0.48 with a standard error of 0.05. Housegare 5 percent lower

on average in cities where unemployment is 10 percent up, which is a sizeable effect.

Table 1: Bivariate regressions of house prices nemployment

Country coefficient std. error R N of obs.
Denmark -1.548 0.703 0.708 4
Finland -0.418 0.073 0.942 4
Czech republic -0.942 0.157 0.923 5
Sweden -0.128 0.394 0.034 5
The Netherlands -0.130 0.172 0.125 6
France -0.443 0.222 0.285 12
Spain -0.536 0.284 0.182 18
UK -0.436 0.138 0.311 24
Germany -0.532 0.058 0.714 35

Note: average house price per square meter andploygment are in logarithms. Data points are soechtiore
cities as defined in European Commission (2004urfi@es are put in order of the number of citiesevied.
The raw data are shown in the Appendix 1.

The no-arbitrage condition (5) states that the estimated relaijpobstween house
prices and unemployment can be interpreted as a compensdtargntial, once we have
controlled for wage and amenity differentials. The wage is notreédden the Urban Audit,
so we include median household income in a multivariate regressieadngtmenities are

measured throughopulation densitytemperature the average temperature of the warmest

levels, we consider theore citylevel, which is delineated on the basis of admiaive boundaries. We leave
Estonia out of our sample, since we have only 2pfadions for this country.

18 Commuting between regions weakens the negatiatigrship between unemployment and house prices, as
workers are able to enjoy cheaper housing in og@meand more favourable labour market conditioms i
another region.

% The precision of the estimate and the share déatian accounted for varies wildly between courstri€he
standard errors for Germany and Finland are rerbérkemall and the Rstatistics are large, but in Denmark,

12



month,crime, the number of recorded crimes per 1,000 residentsoams$m the number of
tourist overnight stays in registered accommodation per yeaegeent. Population density
may be regarded as an amenity if people value short-distanid Bderactions. More
importantly, we include this variable as it is likely to caatel with unobserved amenities,
such as a wider choice of theatres, bars and so on. Similarlgntasrlikely to be correlated

with unobserved amenities.

Table 2: Estimation of the no-arbitrage equationamerage city house prices

Variable Model 1 Model 2 Model 3
coefficient std. error coefficient std. error coefnt std. error

unemployment -0.484 0.052 -0.353 0.071 -0.247 0.053

income 0.626 0.192 0.913 0.176

pop. density 0.120 0.011 0.122 0.006

temperature -0.012 0.038 -0.017 0.031

crime 0.046 0.043 -0.068 0.048

tourism 0.072 0.020 0.074 0.013

Czech republic -0.883 0.008 -0.783 0.037

Germany - reference country -

Denmark -0.741 0.025 -0.671 0.050

Spain -0.302 0.025 -0.054 0.080 -0.140 0.076

Finland -0.172 0.020 -0.477 0.081

France -0.322 0.020 -0.207 0.027 -0.204 0.034

The Netherlands| -0.586 0.031 -0.739 0.040 -0.709 0.050

Sweden -0.659 0.020 -0.661 0.049

UK -0.500 0.015 -0.375 0.032

constant 8.643 0.110 1.115 1.950 -1.381 1.653

R? 0.681 0.788 0.860

N. of obs. 113 113 67

Note: average house price per square meter isefpendlent variable, all variables are in logarithim$viodel 2,
missing values of covariates have been substitwtdtdcountry means, or sample means if there wese than
two observations for a country. In Model 3, thesso substitution of missings and observationgerCzech
republic, Denmark, Estonia, Finland, Sweden andUKehave to be excluded. Reported standard ern@s a
robust to heteroskedasticity and correlation witbauntries. For details on the variables used,Eag®pean
Commission (2004).

Table 2 presents estimates of house prices on these variabtagealin logarithms.
Next to the regression without controls that we discussed edwigother specifications are
presented, because the control variables contain a lot of missiagratisns. In Model 2,
missings are substituted with country means, or sample meé#msref were less than two
observations for a country. Model 3 is estimated on the sampleesf far which we observe

all controls. For both specifications, statistically significaekationships between house

Sweden and the Netherlands, an elasticity of zanmat be rejected at the 10 percent level of sigarite due to
larger standard errors.
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prices and unemployment are reported, although controlling for incamge amenity
differentials reduces the estimate somewhat. Furthermore, tegdide between the Model 2
and Model 3 estimates indicates some heterogeneity betweernriespuafter including
controls in the model, in spite of our findings in Table 1.

Estimated effects of the control variables are consistent Wi¢éh no-arbitrage
interpretation of Equation 5, as housing is more expensive in locatatbsoffer higher
incomes or a more attractive set of amenities. The elgstachousehold income is close to
unity. Of the variables that measure or proxy amenity diffeaxksntonly population density
and tourism appear to have statistically significant effectdalNy, temperature does not
appear to play any role, although US studies tend to find largeseffeclimate variables (cf.
Blomquist et al., 1988 As consumer amenities are more likely to capitalize in laad in
labour markets, this suggests that amenity models, such astestifar the US by Marston
(1985), can not account for within-country regional unemployment differentials in Etfrope

4.2  Evidencefrom a housing demand survey

Estimates of compensating differentials in housing markets oeg@ajgrdata may be biased,
because heterogeneity of the housing stock is ignored. Houses imémployment regions
may be more expensive, because the average quality is higkesunfably, this bias is
limited, because house prices in our city-level analysis atedsta area, and because we
control for income and amenity differentials. However, the pointrihér examined here, in
an analysis of quality-controlled house prices. Since these priagsbenregarded as land
rents, the interpretation of Equation 5 as a hedonic land rent model is enhanced.

Land rent differentials are estimated by regressing housespit characteristics and
region dummies. We perform this hedonic house price analysis on Dutcimghoesnand
surveys (WBOQO's) for the years 1985 and 2002, which have a sample saggbfy 100,000
households each. The broad range of housing variables includes spsaxd-a#tibutes such
the type of house, the number of rooms and availability of a gaademell as other attributes
such as year of construction and availability of central heatmgaddition, our dataset
contains labour market related household characteristics, suclyeasnal educational

20\We have experimented with other climate variablesall appeared to be statistically insignificant.

L Indeed, in a regression of unemployment on amesitiables, we found no significant effect of temsiare.
Moreover, tourism had a negative effect and uneympént and crime appeared to be positively corrd|ate
although the amenity model of unemployment woukdjmt reverse signs.
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attainment of some members as well as wages and household ficbheeregional level
considered is the European NUTS3 level, which consists of 40 so-CAI&DP region&®

Results for the hedonic house price model are shown in Appendix 2. Biviaiationships
between unemployment and both house prices and land rents, controlledddrspecific
heterogeneity, are presented in Table 3.

Table 3: Bivariate regressions of house prices amdl rents on unemployment

Dependent variable coefficient std. error R N of obs.
Average regional house price -0.244 0.060 0.283 80
Land rent from hedonic model -0.336 0.072 0.302 80

Note: all variables are in logarithms. Land rents abtained by estimating a hedonic house priceemntizat
includes region dummies, results are shown in Adpe2. Time dummies are included in these bivariate
models, and standard errors are robust to autdatiore and heteroskedasticity between regions.

Consistent with our findings for city-level data, Table 3 indicahes both average
house prices and land rents are about 3 percent lower in regionsumeenployment is 10
percent up. It suggests that ignoring heterogeneity of the houstiogk leads to
underestimatiorof the relationship between house prices and unemployment, although the
difference is not statistically significant.

Table 4: Estimation of the no-arbitrage equationregional house prices and land rents

Variable Model 1 (house prices) Model 2 (land sgnt
coefficient std. error coefficient std. error

Unemployment -0.156 0.068 -0.158 0.058

Regional component wages 0.629 0.625 0.889 0.522

Population density 0.059 0.033 0.148 0.027

R 0.419 0.742

Number of observations 80 80

Note: all variables are in logarithms. The regiooamponent of wages is obtained by regressing imalely
wages on age and educational attainment (both @lagses) as well as region dummies for each period.
Coefficients of time dummies are included in thgressions, but not reported in the table. Standenats are
robust to autocorrelation and heteroskedasticitwéen regions.

Again, in order to interpret the relationship between land rentsi@iployment as a

compensating differential, we include regional wage and amenigreiffials in our analysis.

22 \We supplement these data with regional unemploymiata taken from two sources. Unemployment in 2002
is derived from the labour force survey (EBB) fr@tatistics Netherlands, and for 1985 we use ragidte
unemployment (Sociaal-economische Maandstatisti®i85). From a 1985 labour force survey, we have
regional unemployment data for a higher level @t aggregation. At that level, it correlates asnperfectly
with the registered unemployment data. Also, wepggmilation density from Statistics Netherlands.

% This dataset is less suitable for estimation efréiationship between house prices and unemplolyaiehe
city level. Ignoring interregional commuting, we wd expect to find the same relationship at theorea) as at
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Our dataset allows to control for the regional component to wagbker rthan average
household income, which is consistent with an interpretation of thesssgn model as a no-
arbitrage condition. It is obtained by regressing wages ofifo#- working males on age,
educational attainment and period-specific region dummies. Amenitgreftials are

measured by population density. Furthermore, we include period dumhaiele 4 shows

estimates where the dependent variable is either regionagavieoaise prices (Model 1) or
land rents (Model 2).

In regressions that include wage and amenity differentials, both pogss and land
rents appear to be almost 2 percent lower in regions where uryenepibis 10 percent .
Therefore, controlling for heterogeneity of the housing stock does eat s& affect our
estimate of the compensating differenffaFurthermore, land is more expensive in locations
that offer higher wages or more attractive amenities, asctefl in a higher population
density. The coefficients are consistent with our findings foppgean cities in Table 2. Note
that these effects are not statistically significant wherregard average house prices instead
of land rents, and they account for a much smaller share of the vafiance.

The pattern of observed land prices, unemployment and wages in therlaleds
seems consistent with the core-periphery model of section B,amiore consisting of the
densely populated regions in the west of the country (the Ranasta)l Estimation of a
standard wage curve equation on our data yields an elasticidyO&f which is significantly
smaller than the -0.10 coefficient of Blanchflower and Oswald (1994). Hegubtieis due to
centralized wage bargaining seem to play a role. Higher svag¢éhe Randstad plausibly
reflect a productivity advantage due to economies of agglomeratiopresicted by our

model, land prices in this area are above, and unemployment is below the natiomgg.avera

the city level, since micro data allow to controf urban-rural heterogeneity of the housing staxktlarge
extent.

24 Consistent with our findings in Table 1, the estienl compensating differential is somewhat smatflehe
Netherlands than in other European countries. Cammibetween the COROP regions, which averagestabou
20 percent of the working labour force, may accdiantthis difference. We have included a spatig &f
unemployment in the regression (the average of pfment in neighbouring regions), but this var@ablas
not statistically significant.

% Replacing the regional component to wages by gesnausehold income, we obtained a similar result.

% Estimates of the compensating differential for 3@®d 2002 separately do not deviate from the astisnin
Table 4 in a statistically significant way. Obseiunemployment and house prices for two periodss i
possible to include regional fixed effects in tlelbnic land rent model. However, it is the strugf@omponent
to regional unemployment differentials that is cemgated in housing markets, and changes of unempiaty
over time are likely to capture this component efl than levels do. Moreover, the variation otiare is too
limited to enable identification. The correlationetficient of the logarithm of unemployment in 1985d 2002
is 0.50, for wages it is 0.70 and for householdine it is 0.62. Nevertheless, changes of unemploymeer
the period 1985 - 2002 correlate negatively to glearin land prices, although this relationshipdsstatistically
significant.
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An important point we take from our analysis of housing demand survaysdtnat
analyses using aggregate house price data are unlikely to towetesthe compensating
differential. This indicates that conclusions from our analysif@furban Audit data, which
draw on variation in house prices and unemployment rates foratesaintries, are not

critically flawed because of omission of housing quality charadteyist
5 Conclusions and policy implications

This paper has provided empirical evidence for compensation of regioeatployment
differentials in housing markets. Employing an extensive da@seEuropean cities, an
elasticity ranging from -0.6 to -0.4 could not be rejected for drtged9 countries observed.
Including city-level income and amenity variables in a regoaghat was interpreted as a no-
arbitrage condition, a somewhat smaller compensating differevasifound. An analysis of
housing demand surveys for the Netherlands indicated that these firmdeng®bust to
omission of house attributes.

Do these estimates imply full compensation of regional unem@ot? We address
this question by comparing the income effect of an increase imnedginemployment to the
income effect of an associated decrease in house pfiegpose that workers spend about a
third of their income on housing, and that benefits amount to 70 percesatgek. If there is
no wage curve, then with an elasticity of -0.3, compensation in housss mxceeds the
income loss due to increased probability of unemployment K féowever, the two effects
come remarkably close to cancelling out when we assume a wageetasticity of -0.16°
The sizable compensating differential indicated by our empirical setbuwi$ strongly suggests
that high regional unemployment rates proxy less favourable lakenketrconditions, which

may also result in lower wagé&%Hence, we regard it as indirect evidence of the wage curve.

" This is obviously a rather rough evaluation of pemsation, which ignores any substitution effeassyell as
compensating differentials in other markets, irtipalar for nontradables, that are likely to coatelto the price
differential in housing markets. Heterogeneity lndé {abour force is not accounted for either. Corspéan in
housing markets may not accrue to the unemployeplaiticular, nor to groups that are most vulnerable
unemployment. On the contrary, as these groupékaly to be overrepresented in the highly reguatental
market, they may find it more difficult to benefiiom lower house prices. We do not consider théatemarket
explicitly in this paper, but further research aisttopic would be most welcome in our view.

% |f unemployment is 5 percent, then the incomeaeféie to lower house prices is roughly about #ofat0
higher than the expected income loss due an teased probability of unemployment.

29 Note that for the Netherlands, we found a smadlesticity of both house prices and wages to redion
unemployment. Therefore, the two income effectseatose to cancelling out for this country as well.

% |t is common practice to regard the unemploymate as a macro-economic indicator. In a similanytie
regional unemployment rate indicates regional entoa@onditions. It may be correlated with wages, &lso
with the quality of matches and other labour maskatables. The evidence thus suggests that housargets
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Existence of a compensating differential in housing markets shasumber of
implications for policy. Currently, the European Union and many omgsnber countries
spend billions of euros on regional support programs, which are motivatmsapartly by
equity considerations. Our evidence suggests that equity maysbef las issue, as people in
backward regions receive compensation already. Expected utdiytimerefore be the same
in each region, and if so, regional support programs should be justfleet on efficiency
grounds. Our analysis may also help to understand why regional unemeplioglifferentials
have remained so persistent, in spite of these generous support programs.

Compensation in housing markets has implications for labour markeiggadis well.
In a theoretical model, we have shown that regional unemploymdetedifials may result
from centralized wage bargaining. Therefore, the recommendation of OECD (2000, 2005) and
European Commission (2003) to relax the regional wage rigiditiesciased with these
institutions applies in the framework of our model. Moreover, in riogsbpean countries
unemployment benefit levels are also set at the national legalpéhsation then implies a
regional differential in real benefit levels. The desirapildf such a differential is
guestionable from the perspective of equity. Also, it may reducenteative to job search
for people in high-unemployment regions more than in other regionseHtece would be a
case for adjustment of unemployment benefit levels to regional costrad-tifferentials.

A third area of policy we touch upon refers to housing marketspatial planning.
As we have argued in section 3, housing markets may play a major role in redjastthant
processes, because of inelastic supply and durability of housiege Pproperties of the good
are not necessarily related to regulations. However, in many Europeuntries,
governments, municipalities and other local bodies have a major gdatrtype of housing
should be constructed and where it should be built. This public involveme@nerally
thought to delay and restrict housing supply, and therefore increasesrnipensating
differential. In turn, regional adjustment of labour supply and cleasfngggregate labour
markets is hampered (cf. Bover et al., 1989). Furthermore, the sugphddior habitation or
production is restricted by spatial planning and land use controls.fategréhese policies
may also increase regional differentials in house prices and unemployneepilibrium.

compensate for regional labour market conditiorsther than for the loss in expected income due to
unemployment only. As wages and unemployment docootelate perfectly, both are informative on these
conditions. Consequently, the positive relationdhdgween house prices and the regional componenages,

or average household income, may also be integbetecompensation for regional labour market cabt

18



References

Baltagi, B. H. and Blien, U. (1998). "The German wage curve: evidemre fhe |AB
employment sampleEconomics Lette;$1(2), 135-142.

Blackaby, D. and Manning, D. N. (1992). "Regional earnings and unemphbymex
simultaneous approachOxford Bulletin of Economics and Statistigg, 481-501.

Blanchflower, D. G. and Oswald, A. J. (199%he wage curveMIT, Cambridge,MA.

Blomquist, G., Berger, M. and Hoehn J. (1988). "New estimates of quélitie oan urban
areas."American Economic Review8, 89-107.

Bover, O., Muellbauer, J., and Murphy, A. (1989). "Housing, wages and UK |abmuets."
Oxford Bulletin of Economics and Statistig4(2), 97-136.

Brueckner, J. F. and Zenou, Y. (1999). "Harris-Todaro models with a land madketal of
Urban Economics29, 317-339.

Cameron, G. and Muellbauer, J. (1998). "The housing market and regiomalutiog and
migration choices.Scottish Journal of Political Econonyb, 420-446.

Cameron, G. and Muellbauer, J. (2001). "Earnings, unemployment and housiritgin."Br
Journal of Applied Econometric$6(3), 203-220.

Card, D. (1995). "The wage curve: A reviewdurnal of Economic Literature33(2), 285-
299.

Carlson, F. (2000). "Testing equilibrium models of regional disparitiesottish Journal of
Political Economy47, 1-24.

European Commission (2003). "Employment in Europe 2003." Luxemburg: Office f
Official Publications of the European Commision.

European Commission (2004). "Urban Audit: methodological handbook." Luxembdige Of
for Official Publications of the European Commision.

Faini, R. (1999). "Trade unions and regional developmé&nirtbpean Economic Review3,
457-474.

Fujita, M. (1989)Urban economic theoryCambridge University Press, Cambridge, UK.

Glaeser, E. L. and Gyourko, J. (2005). "Urban decline and durable hdudmgnal of
Political Economy113(2), 345-375.

Glaeser, E. L., Gyourko, J., and Saks, R. E. (2005). "Urban growth and hsupiply."
National Bureau of Economic Research.

Groot, W., Mekkelholt, E., and Oosterbeek, H. (1992). "Further evidence on teecuag."
Economics Letters38, 355-359.

19



Gyourko, J. and Tracy, J. (1989). "The importance of local fiscal condith analysing local
labor markets.Journal of Political Economy97, 1208-31.

Gyourko, J. and Tracy, J. (1991). "The structure of local public financehanduality of
life." Journal of Political Economy99, 774-806.

Hall, R. E. (1970). "Why is the unemployment rate so high at fojpleyment?"Brookings
Papers on Economic Activijt§970(3), 369-410.

Hall, R. E. (1972). "Turnover in the labor forcdtookings Papers on Economic Actiyity
72(3), 709-756.

Harris, J. and Todaro, M. (1970). "Migration, unemployment and developaéwb-sector
analysis."American Economic Review0, 126-142.

Helpman, E. (1998). "The size of region3.bpics in public economics. Theoretical and
applied analysisD. Pines, E. Sadka, and I. Zilcha, eds., Cambridge Universitg,Pres
Cambridge, 33-54.

Hughes, G. and McCormick, B. (1987). "Housing markets, unemployment and rabdet
flexibility in the UK." European Economic Revie®1(3), 615-641.

Jackman, R. and Savouri, S. (1992). "Regional migration in Britain: an analysis ©flgves
using NHS Central Register dat&€onomic Journal102(415), 1433-1450.

Marston, S. (1985). "Two views of the geographic distribution of unemplaytr@uarterly
Journal of Economigsl00, 57-79.

Minford, P., Peel, M., and Ashton, P. (198The housing morasdnstitute of Economic
Affairs, London.

OECD (2000). "Employment Outlook 2000 Chapter 2: Disparities in regitatabur
markets." OECD, Paris.

OECD (2004). "Employment Outlook 2004 Chapter 3: Wage-setting instigitiand
outcomes." OECD, Paris.

OECD (2005). "Employment Outlook 2005 Chapter 2: How persistent aanedglisparities
in employment? The role of geographic mobility" OECD, Paris.

Oswald, A.J. (1999). "The housing market and Europe’s unemployment: teciomneal
paper." University of Warwick, United Kingdom.

Ottaviano, G., Tabuchi, T., and Thisse, J. F. (2002). "Agglomeration andreadéed."
International Economic Review3(2), 409-435.

Overman, H. G. and Puga, D. (2002). "Unemployment clusters across Euexpehs and

countries."Economic Policy34, 115-147.

20



Roback, J. (1982). "Wages, Rents and the Quality of Lifeurnal of Political Economy
90(6), 1257-1278.

Rosen, S. (1979). "Wage-based indexes of urban quality of Gferfent issues in urban
economicsP. Mieszkowksi and M. Straszheim, eds., John Hopkins University Press,
Baltimore.

Smith, L. B., Rosen, K. T., and Fallis, G. (1988). "Recent developmentemomec models
of housing markets.Journal of Economic Literature€6, 29-64.

Smith, T. E. and Zenou, Y. (2003). "Spatial mismatch, search effort dah wgpatial
structure."Journal of Urban Economi¢c$4, 129-156.

Sociaal-economische maandstatistiek (1985). “Tabel 1.5.8: Bij deidsioeeaus
geregistreerde werklozen naar Corop-regio en geslacht, eind juni 1985”, 2(8), 28.

Tabuchi, T. (1998). "Agglomeration and dispersion: a synthesis of Alonso amgmkn."
Journal of Urban Economicgl4, 333-351.

Zenou, Y. and Smith, T. E. (1995). "Efficiency wages, involuntary ungymmat and urban

spatial structure.Journal of Urban Economi¢®5, 547-573.

21



Appendix 1: City-level house prices and unemployment rates

city house unemp. | city house unemp.| city house unemp.
price price price

Czech republic Erfurt 1432 15.1 | Rotterdam 1423 5.9
Praha 1563 5.4 | Augsburg 2270 5.5 | Utrecht 1364 3.0
Brno 781 9.1|Bonn 2127 4.5 | Groningen 1384 6.4
Ostrava 469 17.3 | Karlsruhe 2454 5.3 | Arnhem 1410 5.9
Plzen 781 8.1 | Ménchengladbach 2250 7.2 | Finland
Usti nad Labem 625 13.5 | Mainz 2618 5.2 | Helsinki 1943 5.8
Denmark Spain Tampere 1307 16.0
Kgbenhavn 1546 4.5 | Madrid 1855 12.4 | Turku 1316 16.3
Aarhus 1321 5.2 | Barcelona 2500 10.8 | Oulu 1181 15.9
Odense 1039 5.2 | Valencia 874 14.2 | Sweden
Aalborg 1052 5.8 | Sevilla 1028 22.8 | Stockholm 2064 3.3
Germany Zaragoza 1102 11.8 | Goteborg 1409 5.6
Berlin 1759 14.9 | Mélaga 965 21.0 | Malmd 1468 9.1
Hamburg 2250 7.6 | Murcia 698 11.5 | J6nkoping 791 3.4
Minchen 3784 3.6 | Las Palmas 1222 19.9 |Umed 935 11.0
KdIn 2454 7.3 | Valladolid 1172 14.6 | United

Kingdom
Frankfurt am 3150 5.4 | Palma di Mallorca| 1381 12.0 | London 2904 6.5
Main
Essen 2495 7.7 | Santiago de 1055 12.2 | Birmingham | 1318 9.5

Compostela

Leipzig 1473 17.4 | Vitoria/Gasteiz 1744 9.9 | Leeds 1336 5.1
Dresden 1677 14.7 | Oviedo 1180 14.1 | Glasgow 1321 10.8
Dortmund 2413 9.6 | Pamplona/lrida 1655 10.7 | Bradford 1042 6.9
Dusseldorf 2577 6.3 | Santander 1319 15.7 | Liverpool 992 111
Bremen 1452 8.3 | Toledo 889 10.8 | Edinburgh 2014 5.2
Hannover 1595 9.4 | Badajoz 661 20.9 | Manchester 1307 9.0
Nurnberg 2413 7.6 | Logrorio 1180 10.6 | Cardiff 1489 4.9
Bochum 2372 7.8 | France Sheffield 1136 6.7
Wuppertal 2004 6.5 | Lyon 1400 11.5| Bristol 1533 4.6
Bielefeld 1841 7.8 | Bordeaux 1200 14.3 | Belfast 1361 9.6
Halle an der 1104 20.8 | Nantes 1200 13.2 | Newcastle 1189 8.0
Saale upon Tyne
Magdeburg 1432 19.0 | Lille 1200 14.4 | Leicester 1084 7.9
Wiesbaden 3477 6.0 | Saint-Etienne 1000 13.5 | Derry 951 12.0
Gottingen 1800 10.0 | Le Havre 1000 17.1 | Aberdeen 1408 5.0
Milheim 1963 6.1 | Rennes 1400 9.0 | Cambridge 2536 3.8
a.d.Ruhr
Moers 2045 6.6 | Nancy 1000 11.1 | Exeter 1553 3.9
Darmstadt 2556 5.3 | Orléans 1400 8.7 | Lincoln 1016 6.4
Trier 1841 7.6 | Dijon 1400 10.7 | Gravesham 1937 5.2
Freiburg im 2700 6.0 | Grenoble 1600 13.2 | Stevenage 1762 4.0
Breisgau
Regensburg 2104 6.3 | Ajaccio 1000 14.2 | Wrexham 1179 51
Frankfurt (Oder)| 1340 18.9 | The Netherlands Portsmouth 1571 4.6
Weimar 1432 14.7 | s' Gravenhage 1714 3.4 | Worcester 1549 3.8
Schwerin 1227 15.8 | Amsterdam 1781 4.3

Note: these data are obtained from the Urban Aliditopean Commission, 2004). The spatial level idened

is thecore city which is delineated on the basis of administeatieundaries. House prices refer to the average
house price in euros per square meter. These éfstato the period 1999 - 2003 (so not to the sges for
each country).
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Appendix 2: Hedonic house price analysis (used to obtain land rents)

Variable coefficient standard error
Dwelling type (reference is apartment)
free standing 0.478 0.047
semi-detached (1985) 0.209 0.051
semi-detached (2002) 0.190 0.053
corner house 0.066 0.051
terraced house -0.018 0.051
Number of rooms (reference is 1)
2 0.070 0.089
3 0.233 0.092
4 0.358 0.092
5 0.446 0.091
6 0.546 0.089
7 or more 0.690 0.092
Garden 0.152 0.024
Size living room exceeds 36 m 0.165 0.005
Size kitchen exceeds 8 (0985) 0.050 0.008
Size kitchen exceeds 8 (2002) 0.104 0.006
Central heating (1985) 0.235 0.011
Central heating (2002) 0.158 0.015
Double-glazing in living room 0.023 0.010
Double-glazing in rest of the house (1985) 0.067 0.007
Double-glazing in rest of the house (2002) 0.037 0.008
Balcony (no ground floor apartment) 0.090 0.009
Elevator (no ground floor apartment) 0.103 0.054
Period of construction (reference is before 1945)
1945 - 1959 -0.046 0.011
1960 - 1969 (1985) 0.030 0.011
1960 - 1969 (2002) -0.104 0.017
1970 - 1979 (1985) 0.087 0.011
1970 - 1979 (2002) -0.049 0.015
after 1979 (1985) 0.094 0.018
1980 - 1989 (2002) -0.031 0.014
after 1989 (2002) 0.077 0.015
Dummy 2002 1.399 0.025
Constant 10.061 0.110
Region dummies 1985 (40) included
Region dummies 2002 (40) included
R 0.794
Number of observations 49,459

Note: hedonic regression of house prices in logarit on characteristics and period-specific regiommiies,
estimated on Dutch housing demand survey data (WRB®)1985 and 2002. We have estimated two
specifications of this model. In one specificatiom] coefficients were period-specific. In the sedo
specification, which is reported here, only statédty significant variation of coefficients ovante was allowed
for. For these variables, the year between bradkelicate the period to which the effect refersp&eed
standard errors are robust to autocorrelation a&terbskedasticity at the regional level. Coeffitseior period-
specific dummies are used as estimates of regiandlrent differentials in the paper.

23



