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Abstract in English

Housing markets may significantly affect the relathip between regional population and
employment, if housing supply is not fully accomratide to demand. We analyse the
relationships between housing supply, regional fagfmun and employment empirically in a
three-equation dynamic model. Annual regional pdag¢h are used for the Netherlands, where
a strong tradition of spatial planning exists. W fthat net internal migration is strongly
determined by housing supply, whereas employmemwtlrhas no statistically significant
impact. Growth of the housing stock is only modelsaaffected by population and
employment, possibly as a result of restrictivetispaolicies. Employment adjusts
substantially towards a long-run relationship viite regional population. The analysis further
indicates that labour markets drive this long-rdjustment more than local consumer demand.
Hence, people follow houses rather than jobs, abs follow people in the long run.

Keywords: housing supply, population-employment interaction, regional panel data

Classification-JEL: R11, R23, J23

Abstract in Dutch

De huizenmarkt kan een belangrijk effect hebbedepelatie tussen regionale bevolking en
werkgelegenheid, als het aanbod van woningen degvreet accommodeert. Wij bestuderen de
relaties tussen woningaanbod, regionale bevolkingerkgelegenheid empirisch in een
dynamisch simultaan model. Er wordt in deze stgeieruik gemaakt van regionale panel data
voor Nederland, waar een lange traditie van ruifkgebrdening bestaat. We vinden dat netto
binnenlandse migratie sterk bepaald wordt door ngesnbod, terwijl het effect van
werkgelegenheidsgroei niet statistisch signifidganGroei van de woningvoorraad is maar in
beperkte mate gevoelig voor bevolking en werkgelbgad, mogelijkerwijs als gevolg van een
strikt ruimtelijke ordeningsbeleid. Werkgelegenhpast zich sterk aan naar een lange termijn
relatie met de regionale bevolking. Onze analysdtgerder aan de rol van arbeidsmarkten
hierin groter is dan de rol van de lokale vraag maasumptiegoederen. Dus, mensen volgen
eerder huizen dan banen, en banen volgen menggm lapge termijn.

Seekwoorden: woningaanbod, interactie bevolking en werkgel egenheid, regionale panel data

Een uitgebreide Nederlandse samenvatting is bdsahikvia www.cpb.nl.
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Summary

Much of the population-employment interaction Eterre ignores housing supply, either
implicitly or explicitly assuming that it will fulf accommodate any changes in the regional
population. In this paper, we analyse the relatiggesbetween housing supply, regional
population and employment empirically for the Nelteds, where a strong tradition of spatial
planning exists. We estimate a three-equation $amabus model, which distinguishes short-
run and equilibrium adjustment effects. All natibdavelopments and time-invariant regional
heterogeneity are controlled for.

We find that growth of the housing stock is onlydamtely affected by population and
employment, so the assumption of accommodativeihgssipply appears to be inappropriate
in the Dutch context. On the contrary, net intemaration is strongly determined by housing
supply, whereas employment growth has no statistisgynificant impact on this variable.
Employment appears quite insensitive to demandwsidables, while it adjusts substantially
towards a long-run relationship with the regionapplation. A sector-specific analysis suggests
that the adjustment of employment restores equulibron regional labour markets, and is not
predominantly driven by the demand for nontradablesumption goods. Hence, housing
supply is a key long-run determinant of the spatisiribution of both people and jobs.

From an economic perspective, these findings makees One would expect the regional
demand for labour to be elastic with respect toega@ particular in a small and open
economy such as the Netherlands. On the other laadegional supply of labour may be quite
inelastic. Migration must be an important compordrthe long-run regional adjustment of
labour supply, but labour is known to be rather white, in particular in most European
countries. This immobility is enhanced by rigid bimg supply. Even if migration patterns
would be highly sensitive to real wages, then latsupply would still be inelastic if housing
supply were inelastic. Hence, employment wouldtiedty easily adjust to the regional
distribution of people, but the reverse is lessliiko occur.

The evidence that, in the long run, employmentasnhy determined by labour supply, suggests
that demand side policies, such as land subsidiefirins or investment in regional
infrastructure, may not be so helpful in attractjolgs. Furthermore, a plausible reading of our
findings is that people move to regions where hsase built, but houses are not necessarily
built in regions were people would want to live €T¢osts in terms of welfare associated with a
mismatch between regional demand and supply fosihguare likely to be substantial, and may
spill over to the labour market.






Introduction®

Housing supply may significantly affect the spatiatribution of people and jobs, as has been
recently argued by Glaeser et al. (2006). Henseple in the interaction of regional population
and employment deserves a more detailed empirieaktigation. After the landmark papers by
Steinnes (1977), Carlino and Mills (1987) and Beafi994), a variety of studies have
estimated simultaneous models of regional populaitd employment. The central issue in
this literature has become known as the questicativen “people follow jobs” or “jobs follow
people™! Muth (1969) already pointed to the vital role olising in this interplay, relating the
movement from central city residents to suburbHenUS to the income-induced rise in
demand for low-density housing. Greenwood (198@) @reenwood and Stock (1990), who
incorporate a housing equation in their analysgsopilation-employment interaction, provide
support for the significant role of housing suppipwever, this role has been ignored in the

larger part of the subsequent empirical literature.

Ties between housing supply, regional populaticshe@mployment are likely to be

exceptionally strong. The interdependency is apgdrem casual inspection, as the number of
houses, people and jobs correlate strongly ovierscitegions and states. The following
argument highlights the potential role of housing@y in this interplay. Given a fixed number
of houses, population growth can only be accomnsatlay an increase in household size or by
a decrease in vacancy rates. Since the long-rwnanodative capacity of these channels is
limited, population growth is likely to be hampeii&the housing stock does not adjust to
demand. Hence, the extent to which a labour dershadk translates into regional employment
growth depends, at least partially, on housing suggh. DiPasquale and Wheaton, 1996,
Glaeser et al., 2006).

In an analysis of population-employment interactiois justified to ignore housing only if
supply is fully elastic. In this special case, dpmin the housing stock accommodate shifts in
demand, so population growth is unaffected by hausiarket conditions. However, fully
elastic supply is not a realistic assumption. B@meple, it is well established in the urban
economics literature that small increases in hpuses will not cause large supply responses
in cities, because the increase in the housing stdtbe accompanied by a rise in land prices
(cf. Fujita, 1989, DiPasquale and Wheaton, 1994g 3hort-run elasticity is further reduced by

the delay in supply due to the construction pracess

“We would like to thank Eugene Verkade, Piet Rietveld, Jouke van Dijk, Frank van Oort, Mark Thissen and colleagues at
CPB for helpful discussions. The assistance of Jelte Haagsma and Peter Arts in preparing the dataset is also gratefully
acknowledged.

* Note that this terminology is slightly misleading, because the issue under consideration is whether regional employment
growth drives population growth, or the other way around. This literature does generally not consider micro data on people
and jobs. It may be the case that many people move between regions for a job, although (aggregate) regional population
growth drives employment growth. Nevertheless, we will stick to the terminology, as it is so widely used.



Another potential cause of inelastic supply isghesence of restrictive policies, such as spatial
planning. In the past decade, a number of studies Bmphasized the importance of restrictive
spatial policies in US local housing markets (dir&ham and Hendershot, 1996, Malpezzi,
1999, Mayer and Summerville, 2000, and Glaesek ,2@05). Other work suggests that such
policies have an even larger impact in some Eumogeantries (cf. Malpezzi and MacLennan,
2001). Rather than accommodate, housing supplysiage the regional distribution of
population and employment in the presence of tste policies. For instance, Glaeser et al.
(2006) show that productivity shocks translate mote increased wages and house prices, and
less into population and employment growth, whetropslitan areas are subject to restrictive

policies.

This paper investigates the interaction of regidmalsing, population and employment in the
Netherlands. A strong tradition of spatial planné@xgsts in this country, probably originating
from the fact that a significant part of its suddtas been reclaimed from the sea. Because of
the cooperation between inhabitants required tsygtocess, (local) governments have
participated in land use decisions for centurieswidays, externalities in land use provide a
more important rationale for spatial planning, e population density is high, particularly in
the west of the country. Open space is preservedigh the imposition of land use plans,
which specify at a detailed level on which locatidmousing construction is allowed for. Not
only are local authorities involved, but also tlional government plays a major role in
deciding which areas should be protected from agweént. The impact of these government
interventions on housing supply are likely to bbstantial®

We estimate a system of equations that identifiesther housing supply determines or
accommodates regional population and employmentthrdOur econometric approach
essentially follows Carlino and Mills (1987), altigh we extend their framework in a number
of ways. First of all, we introduce an equationdoowth of the housing stock, as in Greenwood
(1980) and Greenwood and Stock (1990). Secondheaeions in our data are not closed in
terms of commuting, spatial interaction is accodrite following Boarnet (1994). Because
internal migration is the main channel through \hize population adjusts to regional labour
and housing market conditions, we model the netiatl migration rate rather than population
growth (cf. Greenwood and Hunt, 1984).

2 For instance, strong government intervention in housing supply is suggested by the development of prices and
construction. In recent decades, prices have risen substantially, but housing construction has decreased. Furthermore, we
have performed an analysis of housing demand survey data, and we were not able to identify a significant positive
correlation between regional house prices and subsequent supply. An additional indication that it is land use policies and not
only land prices that explain this outcome, is that a large part of the land is not inhabited, even in densely populated areas.
At the national level, 56 percent of the land is used for agriculture. In the region of Amsterdam, for example, this is still 45
percent, although house prices in Amsterdam are significantly higher than the national average. Note that, as we observe
regional house price differentials only for a limited number of years, the analysis of house prices is not pursued in our
present paper.
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We analyse yearly observations over a fairly loagqul of time, rather than one or two large
cross-sections, which is common in the populatioypleyment interaction literature. Hence,
our dynamic specification is richer than the laggdgistment model that is generally used in
this literature, distinguishing between short-rad &quilibrium adjustment effects. Moreover,
the use of panel data allows for the inclusionegfion and period fixed effects, so time-
invariant regional heterogeneity and national degwedents are fully controlled for. This
significantly enhances the robustness of our figdlito omitted variables.

It is common in the population-employment interatiiterature to study industrial

breakdowns of regional employment growth (cf. Stes) 1977, Carlino and Mills, 1987,
Thurston and Yezer, 1994). We analyse such a bosakds well, to shed light on the issue
whether this interaction is driven by markets fvdur or local consumption goods. Our
evidence indicates that labour markets are the wlmbiforce, which is a maintained hypothesis
in other parts of the study.

Although the main contribution of this paper is éncgal, we find it useful for the interpretation
of our findings to set out a theoretical framewdtlence, the next section relates the interaction
of regional housing, population and employmentuppdy and demand elasticities in relevant
markets. The data are introduced in Section 3udinf a number of stylized facts. Section 4
discusses the econometric specification of our haahel empirical results are presented in
Section 5. The sector-specific analysis is perfatimeSection 6. Conclusions are drawn and
put into a wider perspective in the final section.

11
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Theoretical framework

The question whether jobs follow people or reversehy be reframed as the question whether
regional growth is labour demand or supply indu@gdMuth, 1969, 1990, and DiPasquale and
Wheaton, 1996). Suppose that demand in a regidts sipward due to, for instance, changes in
technology or tastes. Increased demand will gelyeralise wages to rise and attract workers to
the region. In that case, people follow jobs. Altdively, it may be that the regional population
increases for exogenous reasons such as naturdbtiop increase, and the labour supply
curve shifts upward. The resulting fall in wagedl génerally attract firms, so that in this case,
jobs follow peoplé.

One key parameter in this framework is the wagstieity of regional labour demand. If
demand is highly elastic, the increase in regi@aglulation will be followed by an almost
similar increase in employment, and wages will hafall. The demand curve will merely slide
along itself (Muth, 1990). Jobs therefore followopke in this case. On the other hand, inelastic
labour demand implies that a population increadehardly lead to any new jobs, and a large

fall in wages.

Amongst other things, the wage elasticity of labdemand depends on openness of the region
in terms of trade, and mobility of capital. Thewamgent is illustrated by Muth (1990), in a
simple version of the Borts and Stein (1964) mo@ehsider a small open region that is
diversified in the production of an export and ealo(nontradable) consumption good. Both
goods are produced with a constant returns tecgiplessing labour and capital. If the region is
small and open in terms of trade, the price ofetkort good is fixed on national or world
markets. If we further assume perfect capital nitybiteturns to capital are fixed as well. This
implies that wages in the export sector are fixelhbour markets are in equilibrium, wages in
the local sector must equal wages in the expotbsddence, the wage elasticity of regional
labour demand is infinite. The demand curve slafmsnward in this model only if the region
is fully specialized in the production of local sumption goods, something which is rarely
observed in realit§.

% Jobs may follow people also for other than labour market reasons, such as the demand for local consumption goods
induced by a population increase. In most post-industrial economies, a large share of labour supply is employed in the
production of nontradable consumer goods like local government, health care or retail. Therefore, producers of these goods
have an incentive to locate near people (and people have an incentive to locate near these producers). We verify the roles
of markets for labour and local consumption goods in Section 6.

“ See also Hanson and Slaughter (2002). This study finds that state-level production in the US responds to labour supply
shocks by adjusting output in the traded sector. The authors also present evidence for productivity-adjusted factor price
equalization between US states. Factor price equalization is relevant in the context of regional population — employment
interaction, because it implies that shifts in labour supply are accommodated through rybczynski effects. This means that
production will shift towards labour intensive industries after a positive labour supply shock, so jobs follow people without
any fall in wages.
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The wage elasticity of regional labour demand @bpbly larger than minus infinity, as this
stylized model predicts. On one hand, the assumptim the technology rule out economies of
agglomeration, which some believe to be a majogrd@hant of the spatial distribution of
people and jobs (cf. Fujita et al., 1999). On ttleohand, the absence of barriers to trade and
capital mobility seems a more realistic assumplimriegions than for countriés.

Consequently, the wage elasticity of regional lalitemand should exceed wage elasticities of
national labour demand, such as reported by Hansérii993Y. Bartik (1991) reviews the US
literature on local employment growth, which indeawage elasticities in the range from -0.2
to -1.07 In countries which are smaller and more openrimseof trade, such as the
Netherlands, regional labour demand elasticitieg ex@eed estimates for the US.

Another key parameter is the real wage elastidiinterregional migration. If migration is
inelastic, a rise in labour demand can be accomtaddanly through a fall in unemployment or
inactivity. In the long run, the accommodative a@peof these channels is limited, so a
continued rise in labour demand will lead to a¢arge in wages and a small increase in
employment. If on the other hand migrants are sigadio real wages, a rise in labour demand
leads to a large increase in employment and a sisalin wages. People will therefore follow
jobs in this case. The empirical literature sugg#sat internal migration is less sensitive to
wages in European countries than in the US (chéigreen, 1993, Decressin and Fatas, 1995,
OECD, 2005} For the UK, estimates by Pissarides and McMa4@9() imply a rather slow
adjustment to regional labour market equilibriumotigh migratior?. Evidence in Jackman and
Savouri (1992) even suggests the absence of disagrily positive wage elasticity.

What matters to potential migrants is real regiamadje differentials, which may differ
significantly from nominal wage differentials besauwf regional cost-of-living differentials.
Variation in housing costs is generally the domtr@amponent in these regional cost-of-living
differentials. One potential source of house pditkerentials is the positive relationship
between land prices and population density (FUli®89, DiPasquale and Wheaton, 1994).
Housing is more expensive in attractive citiesegions, simply because inhabitable land is
scarce. As a wage increase, induced by labour démaatkes a region more attractive, it

® The diminishing effect of country borders on trade is well established in the literature (cf. Anderson and Van Wincoop,
2003). With respect to capital mobility, we note that capital stocks in most countries have risen significantly. Although
relocation of capital may be costly, and therefore hamper capital mobility, this does not hold for new capital goods.

® Alternatively, one could argue that locations are closer substitutes if they are in the same country, so that demand is more
sensitive to wage differentials.

’ According to Bartik (1991), these coefficients are likely to underestimate the true wage-elasticity because of measurement
error and simultaneity problems.

8 Decressin and Fatas (1995) argue that participation is more sensitive to labour market conditions in Europe than in the US.
However, unlike Blanchard and Katz (1992), the authors do not distinguish between supply and demand induced shocks.
Hence, it may be the case that the observed relationship between employment shocks and participation is largely the result
of supply shocks.

° Note that these are estimates of the (real) wage elasticities of migration, and not of regional labour supply. Since migration
is small relative to the labour force, elastic migration may still imply slow adjustment of the labour force.

14



pushes up house prices and the regional costiofiliHence, real wages increase by less than
nominal wages, people are hampered in following jahd the rise in employment is reduced.

The third key parameter in our framework, theref@sehe price elasticity of housing supply.
Housing supply appears to be elastic in the USebtinates of this parameter vary wildly
between different studies (DiPasquale, 1999). Fastratudies, an infinite price elasticity can
be rejected. This finding is important in the comtaf regional population-employment
interaction, because it means that the assumpfiancmmmodative housing supply is not valid.
A recent literature relates rigidities in housinggly to restrictive spatial policies (cf. Abraham
and Hendershot, 1996, Malpezzi, 1999, Mayer andrSenville, 2000, and Glaeser et al.,
2005). Malpezzi and MacLennan (2001) find thatghpply elasticity is substantially lower in
the United Kingdom than in the US, which may berdmult of more restrictive planning in this
country. Hence, we may expect that housing supptiieé Netherlands, where planning puts
strong restrictions on construction too, is rathetastic.

Summing up, we may expect labour demand to bavelatwage elastic, and migration and
housing supply to be quite inelastic in the Nethedks'® Hence, from the arguments outlined in
this section, it may be predicted that at the l@fekgional aggregates, jobs follow people
rather than the other way around.

% |n the Netherlands, the adjustment of wages to regional labour market conditions is hampered by bargaining at the
national level. Such rigidities are likely to reduce the responsiveness of labour demand as well as migration to these local
conditions. However, we would expect both labour demand and internal migration to be more responsive to regional
unemployment differentials in this case.
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3.1

Data exploration

In this section, we explore yearly data on theaegi housing stock, population and
employment from 1973 to 2002 in the Netherland® fidgional unit is the so-called COROP
region (40), which coincides with the European NB3T&vel. These regions are partly designed

to minimize cross-border commutiny.

The demographic information employed in this stadgsists of regional population and
migration, disaggregated to age and gender. Ngpogallation increase is derived by
subtracting internal and foreign migration fromicewl population growth. The regional
housing stock is the number of housing units pgiore so we do not control for differences in
guality. Regional employment is measured as thebeumf person-years of employees. We
also use regional value added, for which an incaldireakdown is available, like for
employment. At the national level, gender and gagseific labour participation rates and age-

specific headship rates are availaBile.
Endogenous variables

We explore growth rates of housing, population,inigrnal migration and employment in a
series of maps, shown in Appendix 1. The growté dditthe regional housing stock from 1973
to 2002 is shown in Figure A.1. The next figurewha@rowth of the regional population
between 15 and 65 years old, which may be intezfdras the potential labour force. Since we
expect labour markets to be the dominant channgbpfilation-employment interaction, this
variable is preferred over the total populatiomufe A.3 shows net internal migration, scaled
to the regional population in 1973, for the same qpup. Finally, regional growth rates of
employment of employees in person-years are shoiigure A.4.

The figures point to substantial interregional elifnces. Regional growth of the housing stock
varies between about thirty and hundred percent thwvee decades. Population and
employment have not grown at all in some regionsjrcreased by some fifty and seventy
percent respectively in others. In the region evBland, which is left out of our analysis,
population increased by almost a factor fifteerisThgion was gained from the sea between
1940 and 1968, so population in the base year mad.s

* The average share of workers that work outside their region of residence is about 20 percent. In 2002, the average
population size was about 400 000 people, ranging from 53 000 to 1 356 000.

12 Demographic information stems from municipal administrations, and has been collected and aggregated to the COROP
level by Statistics Netherlands (CBS). Data on the regional housing stock were kindly provided by ABF Research.
Employment and value added were derived from regional accounts from Statistics Netherlands. We thank Carel Harmsen of
Statistics Netherlands for providing information on historic age-specific headship rates.
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Urban sprawl or suburbanization seems to accouatat partially for the developments shown
in these maps. The population in the regions tbatain the largest cities of the Netherlands,
Amsterdam, Rotterdam and The Hague, has growrslatger rate than nationally, which is the
result of two developments. As shown in Figure A&, migration in these regions is negative,
and in addition, the rate of natural populatiorréase has been lower than the national average.
Regions on a commutable distance, such as thenetahe north of Amsterdam, Flevoland,
and in particular the regions in the centre ofdbentry, seem to have benefited from this
development.

Table 3.1 Correlation matrix of growth rates over the period 1973 - 2002
Housing Population Migration Employment
Housing 1
Population 0.772 1
Migration 0.756 0.767 1
Employment 0.772 0.724 0.699 1

Notes: This table shows unweighted bivariate correlations, leaving the region of Flevoland out of the sample.

The Figures A.1-A.4 suggest a strong correlatiamben housing, population and
employment, which is confirmed in Table 3.1. Tlible reports correlations between growth
rates of these variables over the period 1973 220 urban sprawl has indeed been a major
force behind shifts in the regional distributionpafople, then the correlation between
population and employment growth would mean this joave followed this movement.
Another indication for this direction of causaligythat the industrial breakdown is the most
favourable in the large cities, so shift-share ys&g would predict employment growth to be

largest here. However, employment growth is clekger in neighbouring regions.

At first sight, the strong correlation between plagion and housing growth rates may be
interpreted as evidence of accommodative housipglguHowever, the causation may be the
other way around because of restrictive spatidtigs. One straightforward way to see this is
by focussing on Amsterdam and its surroundings.stCiem for example the region of

Flevoland, which was planned by the national gowenmnt as a growth region. In the absence of
restrictions on housing supply, many people haveetddrom Amsterdam to this almost vacant
region. However, considerably less people have shdwé¢he south and south-west of

3 Table A.1 in Appendix 1 shows correlations between housing, population and employment for yearly data, rather than for
developments over the entire period of observation. Some relationships appear to be weaker, especially when region and
period fixed effects are included. Remarkably, these fixed effects account for about three quarters of the variation in yearly
regional housing and population growth already. They explain significantly less of the variation in employment growth and, in
particular, migration. Growth of housing and population and migration still correlate significantly to each other, but they do
not seem to correlate strongly to employment growth anymore, once fixed effects are included.

18



3.2

Amsterdam, where housing supply has been constt@ipeather restrictive spatial polici&s.
The econometric analysis in Section 5 aims to ifletitese causal relationships in a more

formal manner.
Exogenous variables

To construct exogenous variables that affect grafrthe housing stock, we follow a standard
approach based on age-specific headship ratesgimhal demographic information (cf.
DiPasquale and Wheaton, 1996). ltét denote the share of people in age greapd period
that are household hedgkpected housing demand is obtained by multiplying these headship
rates by the regional age-specific population aizé summing over age groups. We scale this
variable to the regional populatidPOR, ; to obtain EHD, ; = Zk h¢PORX, /POP,’t e

Changes in the regional population, which drivengfes in expected housing demand, will be
endogenous in our model. We may decompose populgtimnth into migration and natural
population increaseNPI k 16 Exogeneity of this latter variable seems plausiateit is the
result of birth, death and ageing, which are utjike be affected by conditions on local
housing or labour market§Hence, we use natural population increase to ctergou
exogenous growth rate for the expected demanddiasihg as

— k k k k
Aehd, ;=" WONPIf /D" i PORY 3 = NPl ( /POR ;5 *°

In a similar way, we compute the regioegbected labour supply based on the demographic
composition, using national age and gender-speauéiticipation rates. Lept ‘9 denote the
participation rate in age grolpand gendeg, and ELS; ; the expected labour supply. We
define ELS; ; = Zk’g p-9PORK /POPM , scaling again to the regional population. As
changes in this variable may be also endogenouspmpute

k
pels =Y, | pEINPIK /z peIPORY, ~ NP,  /POR: (1.

Demand-driven changes in employment are identlfietivo variables. The expected growth
rate of employment based on the composition of eympént with respect to industries is
known in the literature as tishare, denotedSHA, ; (cf. Bartik, 1991). We construct
productivity PRO, ; as the ratio of value added to employment. Thigbe proxies labour

 Flevoland could be more attractive ceteris paribus than these other regions, but this is unlikely to be the case. For
example, the distance from Flevoland to Amsterdam is large, relative to other areas close to Amsterdam.

*® Correlation between expected housing demand and any population variables in the housing equation will be minimized by
this scaling procedure, and interpretation is facilitated.

*® The natural population increase in age group k obtains by subtraction of net internal and foreign migration from the
change in population.

7 One may argue that this variable is endogenous because the size and composition of the current population is the result
of past migration decisions. However, net migration is small relative to the size of the average regional population, so this is
unlikely to be relevant empirically.

%8 Note that this variable follows from the growth rate of EHD, ; by replacing APOF’,'ft by NPI ﬁt .

19



productivity, although it reflects the average oeil human capital and returns to other factors
as well. Regional productivity may be higher dugeféo instance, the presence of agglomeration
economies. This will attract firms to the exterdttproductivity differentials are not capitalised

in wages or rents.
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4.1

Model specification and identification

In this section, a dynamic specification is derifen a fairly general simultaneous model of
regional housing, population and employment. Weodgiose the interaction of these three
main variables of interest into short and long-effiects, extending most of the current
literature on population-employment interactionnberun effects are interpreted as the result
of density effects and adjustments on labour angsing markets. The exogenous variables are
then substituted into the model, and we discusseddantification issues. As prices are not
observed, this model is necessarily of a reduceat-fgpe, but the use of instrumental variables
allows us to identify causal relationships nevdebs

Derivation of a simultaneous error correction model

Our starting point is a relationship between thggaeal housing stock, population and
employment, time lags of these variables and exagerariables. We make one exclusion
restriction at the outset, which is that housingmy does not directly affect employment, but
only through the population it attractsConsider the following set of equations:

HOU, ; = f (A(L)HOU, 1, Ap(L)POR, 1, Ag(L)EMPr ¢, X, 1 r ),
POP, = (A (L)HOU, 1, As (L)POR, 1, Ag (L)EMPr(,Y, 1, vr. ), a.1)

EMPr,t = h(A7 (L)ﬁr,t, Ae(L)EMPr,t ) Zr,t 'Wr,t)’

where HOU, ;, POR, ; and EMP, ; are the levels of housing, population and employment in
regionr during period. The lag polynomialsﬁk(L) allow for a dynamic adjustment process.
Exogenous control variables are representeXpy, Y; ¢, and Z, ; . Furthermorey, , Vv,

and w; ; are independently distributed disturbances, and the fundfigmsdh can take

arbitrary forms.

Generally speaking, jobs in one region may be filled by gelophg in other regions, and vice
versa. Commuting is therefore accounted for by adopting sochétiat was introduced by

Boarnet (1994). In the employment equation, populatiemikiplied by a spatial weight matrix
wt, obtainingﬁr,t 2% This variable may be interpreted as the expected potential labour

* This ignores the building industry, which is small relative to total employment and also quite footloose. In our sensitivity
analysis, we verify this assumption empirically.

2 Construction of the weight matrices is described in the appendix. Note that in the absence of commuting between regions,
POPt =POR ; and EMPrt = EMR ;.
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supply in regiorr, given commuting patterns and the regional distributiqropulation. In the
housing and population equations, employment is migtgdy the weight matrixv?,
obtaining %r,t . It may be interpreted as the expected working labour fonagionr, given
commuting patterns and the regional distribution of eyplent. Both weight matrices have
been estimated on observed interregional commuting flows, senéjx 2.

We specify (4.1) as a log-linear mod&TTo keep the exposition of the model tractable, we
include only one-year lags here, although we include morenags iempirical analysf.
Applying the convention that variables are written in cap#at$ their logarithms are written in
lower-case letters, the model is then as follows:

houy 1 = aihouy 11 + a2 POPy ¢ + a3POPy -1 + A4€MP, ¢ +A5EMP, g + M ¢ +Ur ¢

PPy 1 = 10U, ¢ + BohOU, 1y + B3POPy -1 + Ba€MP, ( + Bs€MP 1 + Wit +Vry,  (4.2)

empy ¢ = Qﬁ’m + 52@%;—1 +03eMpy 1 Y OZp ¢ + Wy g

In order to distinguish short and long-run effects swistitutehou, ; = Ahou, ; +hou, 4,

pop; = ApOp; ¢ + POp; -1 and emp, ; = Aemp, ; +emp, _; into (4.2)? Furthermore, we
decompose the exogenous variabtes, y, ; and z ; into variables in changesAx},t, Ay}’t
and Az}’t - and variables in (lagged) Ievels<r?’t_1, yﬁt_l and zﬁt_l -, as well as region and

2 Both linear (e.g. Carlino and Mills, 1987, Boarnet, 1994) and log-linear (e.g. Luce, 1994) specifications have been
employed in the literature. Given time series data, it is preferable to specify a log-linear model. Housing, population and
employment growth are multiplicative rather than additive processes, in the sense that changes are proportional to lagged
levels. This is obvious for population growth, because new members of the population are born from existing members. This
implies the need to model growth rates, which are obtained by first-differencing the logarithms of housing, population and
employment.

2 Note that the specification with one-year lags encompasses the lagged adjustment model, which is standard in the
population-employment interaction literature. This specification, introduced by Steinnes and Fisher (1974) entails that
changes in local population and employment are interpreted as partial adjustments towards a long-run equilibrium, ignoring
short-term dynamics. It may be interpreted as a two-equation version of the partial adjustment model that is sometimes used
in macroeconometrics (cf. Harvey, 1990).

% This step is necessary and sufficient if housing, population and employment are nonstationary, but co-integrated
variables, because first differences and long-run relationships are then stationary. However, stationarity seems a plausible
assumption as the regions in our data are small, so that space constraints matter. In particular in an urban context, local
housing, population and employment are unlikely to be random walks. Moreover, it seems implausible that housing,
population and employment are nonstationary, once we have controlled for national developments and time-invariant
regional heterogeneity. Nevertheless, formal testing is complicated because of spatial correlation.
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4.2

period-specific constants (fixed effects)b;, ¢, d,, &, andf.?* Rearranging terms, this yields
the following specification:

Ahou, ¢ =&, +by +aApop; ¢ +ahemp,  —(1-ag)hou, g + (a2 + a3)pop, 1y

1 2
+ (a4 + 0/5)empr’t_1 + 4O ¢+ Lo X g—1 FUr ¢

Apop, ¢ = ¢, +d¢ + SAhou; ¢ + :B4A%r,t - (1‘ ,33) popy t-1 + (,31 + ,Bz)hour,t—l

i )
+(Bs+ ,Bs)empm_l +VIAYT ¢ +VaYErog + Ve g

Nemp, =& + fy + GApop,  — (L-Js)emp; -1 + (3, + 5) pop, 1y

2
+ OlAZi'l,t +02Z i1 W

The effects of variables in changes can be interpreted as instaunsanesponses or short-run
effects, whereas variables in lagged levels measure long-runtraeliis (cf. Harvey, 1990).
The region and time dummies control for all time and regiwariant heterogeneity. Hence,
the interaction of housing, population and employmeitestified on regional variation in

development over time.

Decomposition into long-run relationships and density effects

As long as coefficients of the lagged dependent variabless(andds) are smaller than unity

in absolute value, (4.3) implies that housing, populatioth employment tend to adjust towards
some long-run equilibriurft. In this section, we elaborate on the interpretation of ¢mig-fun
behaviour in terms of housing, labour and land marketshis@im, we rewrite (4.3) as

follows:

2 We write superscripts 1 and 2 because exogenous variables may appear in changes or lagged levels only, as well as in
both forms. For example, in the empirical application we will include the lagged level of productivity, but not the lagged level
of the share.

% Housing, population and employment growth in model (3) respond to any variable z; only to the extent that this variable
deviates from a combination of means over time and regions z,*, where z ;* = ﬁzr Z +%zl Zy —ﬁzr Zt Zy -
In particular, there is no response to variables that are constant over time or over regions.

% To be more precise, it should be the case that the dominant eigenvalue of the reduced form of (3) does not exceed unity
in absolute value. Even if coefficients of lagged dependent variables are smaller than unity, this may not be the case
because of simultaneity effects and because of interregional spillovers through the weight matrices. However, when
simultaneity effects are small and regions are relatively closed in terms of commuting, this condition gives a reasonable
indication.
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Ahour,t =a, + bt + aZApOpr,t + a4Aempr,t + (0'4 + aS)empr,t—l
3
- (1‘ zkzlak)hour,t—l ~(az+ 03)(h0Ur,t—1 - popr,t—l) ,

1 2
+ DX ¢+ LoXp-1 F Uy t

— 5
Apopy ¢ = ¢ +d¢ + fyAhouy ¢ + BAemp,  — (l_ Zk:]_'gk) POPr t-1

-(B+ ﬁz)(pOPr -1~ hOUr,t—l)‘ (B4 + ﬁs)(POPr,t—l _ﬁpr,t—l)' (4.4)

2
+ V1AY%,t +VoYri-1tVrt

— 3
Dempy = & + fy + 31 popy -(1-Zk:1cﬁ<ja‘npr,t-1

~(a+ 52)(empr,t—1 - H’r,t—l)-'- O10Z; ¢ + 097 g + Wi g

Consider first the employment equation of this modlke long-run effects of population and
employment are embodied in the variabéesp, ;_; and (empr’t_l —ﬁr’t_l). If it holds that

1- Zizld< >0, then employment growth is reduced in regions wflisrlevel exceeds a value
determined by an equilibrium condition. In the grese of region and period fixed effects, this
condition may be written aEMP; ;_; = K;K; . Note that the constanks andK, may take up
any value, so they account for the geographical afiza region amongst other things. Hence,
the variableemp, ;_; may be interpreted as a measure for the long4fenteof employment
density. If a higher density of employment impliegher land prices, it will hamper
employment growth. However, the existence of straggiomeration economies may imply a

positive effect.

Employment growth is reduced in regions whereeit®l exceeds a long-run relationship with
the population, if it holds thad, + o, > .OThe equilibrium condition may be written as
EMP, ;3 /POPr t-1 = K, K . Again, the constant¢, andK, may take up any value, so they
control, for instance, for national trends in labparticipation and for long-run differences
between urban and rural regions. Its seems reakotwaimterpret this employment-population
ratio as an indicator for equilibrium on regiorathdur markets’ Hence, the variable

(empr’t_l - popryt_l) measures to what extent employment growth adfastsstore a regional

labour market equilibriurf®

%" Note that this interpretation is enhanced by the use of potential labour force instead of population, which we will do in our
empirical analysis. This concept of regional labour market equilibrium is reminiscent to other formulations in the regional
economics literature, see for example the relative probability of employment variable in Treyz et al. (1993).

% We will verify empirically that the effect of population on employment growth works mainly through labour market
interaction, and not the demand for local consumption goods. Otherwise, the long-run effect should be interpreted as a
measure for equilibrium on local consumption goods markets.
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4.3

In the housing equation of (4.4), long-run effezfthiousing, population and employment are
embodied in the variablelsou, ¢4, ﬁp,yt_l and (hour,t_l - popr’t_l) . As long as

1- Zizlak >0, housing growth is hampered in regions wheresitgllexceeds some
equilibrium value. As land is more expensive ingEn built-up areas, we would expect to find
this effect. Ifa, + a5 > 0, housing growth is reduced if employment is srmatan some
equilibrium value. This long-run effect of employmédensity) may occur if planners or
developers take account of long-run employment dppdies when deciding about the

construction of new houses.

Housing is also reduced in regions where its lexekeds a long-run relationship with the
population, if it holds thatr, + a3 > OWe write the equilibrium condition as
HOU, ;1 /POR, ;-1 = K;K; . The region and period dummies control for natierends such
as a decrease in the average household size, laasWet the fact that households tend to be
larger on average in rural areas. It seems reakot@mmterpret this ratio of housing to
population, otheadship rate, as an indicator for equilibrium on regional hagsmarkets.
Hence, the variablt{ahour’t_l - pop, ,t—l) measures to what extent housing growth adjusts to
restore a regional housing market equilibrium.

Turning to the population equation in (4.4), lonmreffects are embodied in the variables

popr -1, (Popr -1 ~houy 1) and (pOpr,t—l _ﬁpr,t—l)' The variablepop; ;-1 may be
interpreted as a measure for the effect of popriadensity on growth. Note that the two other
long-run variables are variants of the housinglabdur market indicators that we have already
discussed. Hence{pop,’t_l - hour’t_l) measures to what extent population adjusts tomest
equilibrium on regional housing markets, a(md)p,’t_l —ﬁpm_l) measures to what extent it
adjusts to restore equilibrium on regional laboarkets.

We finally remark that no restrictions are impobsgdewriting (4.3) into (4.4), and this step
serves only to facilitate the economic interpretaf the model. Interpretation of the long-run
behaviour of this model in terms of density effemtsl adjustments on regional labour and
housing markets is conditional on a unit long-rlasgcity assumption. This assumption is
made implicitly by regarding the employment-popiglatratio and the headshiate as
reasonable labour and housing market equilibriwficators.

Substitution of exogenous variables and identification

Regional population growth is the result of natyr@bulation increase, foreign migration and
internal migration. Of these components, we expe#etnal migration to be the most sensitive
to conditions on regional labour and housing markdence, we transform the population
equation in (4.4) into an equation for the netriné migration rateNIM ; /POR, ;_ . This can

25



be done by including the rate of natural populatiamease and the net foreign migration rate in
the set explanatory variables, and restricting theéfficients to unity?’ The other explanatory
variables discussed in the previous section magpdieded in a straightforward manner to

obtain:
Ahou, ¢ =a, +by +a,Apop, ¢ + azhemp,  + (0’4 + a5)empr,t—1

3
- (1‘ Zkzlakjhour,t—l ~(ap+ 0'3)(hour,t-1 - pOpr,t—l) ,

+ plend; ¢ + poehd; g + Uy ¢

S 5
NIM, { /POR 1 = ¢ +d; + SiAhou; ¢ + Babemp, - (1‘ zk:l’gkj popr t-1 45)

-8+ )(POPr,t—l - hOUr,t—l)‘ (B4 + ﬂs)(popr,t—l _m_pr,t—1)+ Vr t

— 3
Aempy ¢ =& + fr + A pop, ¢ ‘(1‘ zk:]_@jempr,t—l

(o + 52)(empr,t—1 - ﬁm—l)* 0Adlsy ¢ +0pElsy -1 .
+03SHA { +04Pr0p -1 + W ¢

The exogenous demographic variables in the howsidgemployment equation enter both in
levels and differences, identifying short and leng-effects. The demand side varialfiBO,
in the employment equation enters only in laggedltein order to avoid endogeneity

problems.

In the specification of (4.5), a number of exclusiestrictions are explicit. Expected housing
demand is excluded from the migration equationabse it is assumed to play no role once we
have controlled for growth of the housing stock.weshave discussed earlier, growth of the
housing stock is excluded from the employment éqnatabour demand variables are
excluded from the housing and migration equatiassye condition on employment growth.
Natural population increase is excluded from akkéhequations. This exogenous variable may
be excluded from the housing and employment equsitias these include population growth
already. Its exclusion from the migration equafiolfiows from the assumption that it enters the
population growth equation in (4.4) with a unitstleity. Not only does natural population
increase serve as a strong instrument itself thsiailso used in constructing the exogenous
growth rates ofEHD, ; and ELS; ; . Hence, this variable plays an important roleni t

identification of our model.

% population growth is approximately equal to the sum of the net internal migration rate, the net foreign migration rate and
the rate of natural population increase, so the latter two variables cancel out in the population equation. The approximation
is Apop; ¢ =APOP,Vt/POPi’t71.
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5 Empirical analysis

We estimate (4.5) with ordinary least squares (Q) two-stage least squares (2SLS). Note

that this model is overidentified in each equatieor. the 2SLS estimators, we use subsets of all

available instruments for which overidentifyingtrégions tests do not reject our exclusion

restrictions. Hence, the identification of our mbidenot only intuitive, but rests on formal

statistical testing as well.

In the exposition of our model, we have used omg-gear time lags for simplicity. In the

empirical analysis, we have experimented with sgdags, but the inclusion of two-year lags

appeared relevant only for the housing equatiomcegwe present results for a version of the

housing equation in (4.5) that is extended with-gear lags of housing, population and

employment growth. The other two equations areifipd@s in (4.5). See the sensitivity

analysis in Appendix 3 for details on other dynaspecifications.

Table 5.1 Growth of the housing stock Ahou, ;

oLS
Lagged housing growth Ahou, ;_; 0.594 (0.036)
Population growth Apop; 0.136 (0.033)
Lagged population growth Apop, 0.006 (0.012)
Growth expected housing demand Aehd, ; 0.108 (0.053)
Lagged expected housing demand ehd, ;_; 0.009 (0.008)
Employment growth Agpm 0.014 (0.006)
Lagged employment growth Aerr_pm,1 0.019 (0.006)
Lagged employment level me,l 0.009 (0.004)
Lagged housing stock hou, ;_; -0.020 (0.004)
Housing market equilibrium (hou,,t_l - pop,,t_l) - 0.010 (0.005)
Region dummies a;, (39) included
Year dummies by (28) included
R? (weighted) 0.902

2SLS

0.620 (0.034)
0.055 (0.030)
0.050 (0.028)
0.030 (0.052)
0.005 (0.009)
0.081 (0.028)
0.023 (0.028)
0.021 (0.007)
-0.030 (0.007)
0.002 (0.006)
included
included
0.884

Notes: Estimates of the housing equation in model (4.5). Observations are weighted to the regional housing stock averaged over time.

The outlier region of Flevoland is left out of our sample. The equation further includes a number of dummies that control for administrative

shifts in regional borders, which are not reported in the table. Standard errors, reported in brackets, are robust to heteroskedasticity and

autocorrelation over time. Population and employment growth, as well as their lags, are instrumented with natural population increase,

the change in expected labour supply, productivity and the share, as well as their lags. These instrument are highly significant in the first

stage regression (F = 224, t = 0.00 for population growth, F = 193, t = 0.00 for lagged population growth, F = 7.43, t = 0.00 for

employment growth, F = 5.07, t = 0.00 for lagged employment growth). An overidentifying restrictions test does not reject our exclusion

restrictions (x*(4) = 5.35, p = 0.25). A Hausman test rejects exogeneity of all variables except lagged employment growth (t = 4.42, p =

0.00 for population growth, t = -3.09, p = 0.00 for lagged population growth, t = -2.15, p = 0.04 for employment growth, t =-0.30, p = 0.77

for lagged employment growth).

Table 5.1 presents estimates for the housing exqudti the 2SLS estimates we instrument

population and employment growth, as well as theé& year lags. Natural population increase

npi, . growth of expected labour supphelsr 1 , the shareSHA t , productivitypro, ;_, and
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their one-year lags are used as instrum&ntte that the instruments for employment growth
are weighted, using/. A Hausman test rejects exogeneity of populatimhemployment
growth, so the 2SLS estimates are preferred oeeOUS estimates.

Lagged growth of the housing stodou, ;_; appears to be a strong predictor of present
growth, even when we condition for a host of otveiables. This may be because construction
projects usually take several years, so that tisesabstantial autocorrelation in the housing
series’

Housing growth is accommodative to population ghowut the coefficients opop, ; and
Apop, ;-1 are of both moderate size. The exogenous demagrephablesAehd, ; and

ehd, ;_; appear with the expected sign, but they turn @bt statistically insignificant.
Employment affects growth of the housing stock a#i,Woth in the short and in the long-run,
suggesting that developers and planners take acobamployment prospects when they
decide on new construction projects. However, tedficients onAﬁpm, Aﬁpryt_1 and

emp, ;_, are of a quite modest size too.

In the long-run, housing growth adjusts not onlgitaployment opportunities, but also to

hou, ;_; , which we interpret as the density of housing.d prices are likely to increase with
housing density. Moreover, spatial planning costrohy bite more fiercely in densely built
areas, to protect remaining open space. Both mé&shamay explain the negative effect of this
variable. However, we do not find evidence of atijuents to clear regional housing markets, as
the coefficient on(hou,’t_l - pop,’t_l) is statistically insignificant.

Estimates of the net migration equation of (4.%)@esented in Table 4.2. Note that the net
migration rate refers to the age group 15 — 645 ,likes the other population variables. Housing
and employment growth are instrumented with groeftthe expected housing demand
Aehd, ;, natural population increaswi, ;, the sharesmr,t, and productivity%ryt_l. A
Hausman test rejects exogeneity of housing grosdlihat the 2SLS estimates are preferred
over the OLS estimates.

% The variable npi, ¢ is computed as NPl /POP, ;_; .
31 Note that as a result, all other coefficients have to be multiplied by 1 / (1 - 0.620) to infer long-run effects of the associated
variables.
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Table 5.2 Net internal migration NIM, /POP,

oLS 2SLS
Housing growth Ahou, ; 0.654 (0.057) 1.543 (0.236)
Employment growth Agpm 0.009 (0.008) 0.034 (0.101)
Lagged level of population pop; {_; - 0.009 (0.009) 0.039 (0.011)
Housing market equilibrium (pop,yt_1 —houy ¢ ) -0.023 (0.012) -0.078 (0.021)
Labour market equilibrium {pop; ;_; —err_pm,l) 0.003 (0.008) 0.010 (0.019)
Region dummies c; (39) included included
Year dummies d; (29) included included
R? (weighted) 0.685 0.582

Notes: Estimates of the net migration equation in model (4.5). Observations are weighted to the regional population averaged over time.
The outlier region of Flevoland is left out of our sample. The equation further includes a number of dummies that control for administrative
shifts in regional borders, which are not reported in the table. Standard errors, reported in brackets, are robust to heteroskedasticity and
autocorrelation over time. Instruments in the 2SLS estimates are the change in expected housing demand, the change in expected
labour supply, the share and value added per capita. This set of instruments is jointly significant in both first stage regressions (F = 3.60,
p = 0.01 for housing growth and F = 3.58, p = 0.01 for employment growth). Validity of the exclusion restrictions is tested with an
overidentifying restrictions test, which does not reject our assumptions ()(2(2) =2.49, p = 0.29). A Hausman test rejects exogeneity of
housing growth (t = -5.93, p = 0.00), but it does not reject exogeneity of employment growth (t = -0.29, p = 0.77).

Housing supplyAhou, ; is identified as a key determinant of migrationore percent increase
in housing supply induces an increase in the regipopulation through internal migration of
more than one percefftEmployment grovvthﬁﬁpr’t does not statistically significantly affect
migration. We remark though, that the confidenderiral associated with this estimate is quite

large, so that a small positive effect cannot lected.

The lagged level of populatiopop, ;_; affects migration positively, which suggests that
population density attracts people, once we hawditioned on housing market variabfés.
However, we also find that migration adjusts tdaeshousing market equilibrium through the
variable (popm_l - houryt_l). Hence, the total effect of the lagged level ofydafion on

migration is negative. As more houses are buiirems where construction is less dense, people
move to less densely populated regions on aveFagally, the coefficient on

(popr,t_l —ﬁpryt_l) indicates that equilibrium on regional labour nedskis not restored

through migration.

% Note that the 2SLS estimate is higher than the OLS estimate, because simultaneity would bias the OLS estimate rather
upwardly. Apparently, some variables are omitted from the equation, which correlate negatively to housing supply and
positively to migration. For instance, it may be that spatial policies are more restrictive near large cities (so housing supply is
smaller), which offer attractive amenities (so net migration is larger).

% This may be understood from social interaction externalities, for example. Or, alternatively, it may be that the level of
amenities is higher on average in densely populated regions.
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Table 5.3 Employment growth Aemp, ,

Population growth Aemp,

Growth expected labour supply A;sr,t
Lagged expected labour supply el_sr,tfl
Share sha, ;

Productivity per capita proy ;_;

Lagged level of employment emp, ;_;

Labour market equilibrium |emp; ;_; —ﬁ)m_l)
Region dummies e, (39)

Year dummies f; (29)

R’ (weighted)

OoLS

-0.209 (0.196)
1.133 (0.859)
0.023 (0.155)
0.474 (0.315)
0.010 (0.009)
0.043 (0.031)

-0.185 (0.043)

included
included
0.499

2SLS

-0.282 (0.317)
1.129 (0.864)
0.052 (0.192)
0.476 (0.317)
0.011 (0.009)
0.041 (0.033)

-0.184 (0.044)

included
included
0.499

Notes: Estimates of the employment equation in model (4.5). Employment refers to the volume of man-years worked by employees.

Observations are weighted to regional employment averaged over time. The outlier region of Flevoland is left out of our sample. The

equation further includes a number of dummies that control for administrative shifts in regional borders, which are not reported in the

table. Standard errors, reported in brackets, are robust to heteroskedasticity and autocorrelation over time. Instruments in the 2SLS

estimates are growth of the housing stock and natural population increase. This set of instruments is jointly significant (F = 54.2, p =

0.00), as are both instruments individually. Validity of the exclusion restrictions is tested with an overidentifying restrictions test, which

does not reject our assumptions (x*(1) = 2.49, p = 0.11). A Hausman does not reject exogeneity of population growth (t = 0.29, p = 0.77).

Table 5.3 presents estimation results for the eynpdmt equation of (4.5). Population growth is
instrumented with natural population increag®, ; and housing growti\hou, ; . Notably,
overidentifying restrictions tests do not reject exclusion restrictions, so our assumption that
housing supply may be excluded from the employrequogtion is consistent with the data. A
Hausman test does not reject exogeneity of emplaygrewth, so we prefer the OLS

estimates over the 2SLS estimates.

The effect of population on employment is negativéhe short run, but statistically
insignificant. Note that the estimated e1°fectLb;pr,yt is associated with quite a high standard
error. Both the demographic variabIAsTsr,t and el_sr,t_l and the demand-side variables
sha, ; and pro; 1 appear to affect employment growth positively, thety are all statistically

insignificant.

The only variable in the employment equation thas have a large and statistically
significant effect is the deviation from equilibmiuon regional labour markets

(empr’t_l —ﬁm_l). We find that any deviation of the employment-pagian ratio from a
regional equilibrium value is reduced by about 2écpnt yearly through employment growth,
and it is almost halved in three years. Regionglleyment and population are brought back
almost fully to equilibrium levels within a decadénally, employment density does not appear
to affect employment growth in a statistically sfgrant manner, although the total effect of

lagged employment on growth is strongly negative.
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Summing up the evidence, we come to the followitegupe of the interaction of housing,
population and employment. Employment adjusts ¢éaréigional population in the long run, so
jobs follow people. We do not find much evidencat timigration adjusts to employment, either
in the short or in the long run, so people follmlig at most to a limited extent. Housing supply
is a major determinant of net internal migratiohjlesbeing quite unresponsive to demand
factors. This is consistent with the notion thadtigd policies put strong restrictions on housing
supply, and therefore on the regional distributépeople. For example, our findings suggest
that more people would have lived in densely pdpdi@areas under more accommodative
housing supply schedules. Nevertheless, we dagfimibderate effect of employment on growth
of the housing stock, and hence indirectly on #ganal population. But the indirect long-run
effect of housing supply on the regional distribatof jobs turns out to be much larger.

A sensitivity analysis indicates that the evideiscebust to a fairly broad range of
specifications, see Appendix 3. In particular, fioefnts are found to be remarkably
homogeneous over central and peripheral regiorexreftre, although urban processes may
have played an important role in shaping the dataresults may be interpreted in a regional

context as well.
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Labour supply or local consumer demand?

One of our main findings with respect to populat@mnployment interaction is that jobs follow
people in the long run. It is not a priori cleameyer, whether this adjustment is triggered by
labour supply or consumer demand. This sectionaétt throw some light on the issue by
disaggregating employment into two broad indussgitors. We distinguish production for

local consumption, such as groceries or health care, and produfdiogxport to other regions

or countries, like agriculture or insuranfd& hese sectors may also be interpreted as producing
nontradables and traded goods respectively. dfébnsumer demand that causes employment
to adjust, then only the former sector should rado population changes. On the other hand,
if employment in the export sector adjusts to papah in the same way, it is more likely that
labour supply has been the main reason for equitibadjustment.

Using the employment equation of (4.5) as a stpimint, we derive a simultaneous model for
employment growth in two sectors. Firstly, we regl@mployment by sector-specific
employment, and we allow all coefficients and fixetects to vary over the two sectors. The
regional labour market equilibrium interpretatidrttte long-run effects no longer holds when
we disaggregate employment. Hence, we do not dissh between density and equilibrium
adjustment effects in this specification. Secondly,include employment growth and its
lagged level in the other sector. Employment growtbne sector may attract employment
growth in the other through linkages, but it maguee it because of competition for scarce
labour. Using the superscrigeX andLO for the export and local sectors respectively, we
obtain the following specifications:

nempEX =P + 1 + 5EX A pop, , - (1~ oF* JempEXy + (68 + 55 Jpop, -y

+01erIs t+02 Xelsr 1 -1+03 XSHA*Et +04 prort 1 ,
EX EX
+05 Aemprt +06 e”prt 1t Wt

(6.1)

L L L L L L
Aemprt _er + fi .+ OApOprt (1 530 r?1+(5.LO+520 PoPy -1

LO LOqyaLO LO
+0p Aelsrt+02 elsr i- 1+03 SHA ¢ +o4 proy g

LO LO LO
+ 05 Aemprt +0g emprt 1+ W

3 Our local consumer supply sector consists of “merchandise, catering and repair”, “real estate, other services in the third
sector and health care” and “government”. Our export sector consists of “agriculture and fishery”, “manufacturing”,
“construction”, “transport and communications” and “banks and insurance”. Because of the limited number of industries
distinguished, our subdivision is necessarily rough..
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These equations are estimated with 2SLS, usinggtr-specific share variables as

instruments for employment growth in the other @edtor both sectors, Hausman tests reject

exogeneity of this variable. Results are preseimdable 6.1.

Table 6.1 Employment growth Aerrpft in export and local sector

Export Local
Population growth Aﬁm - 0.062 (0.383) - 0.357 (0.236)
Growth expected labour supply A;sr,t 1.532 (1.545) 1.281 (1.278)
Lagged expected labour supply el_sr,tfl -0.637 (0.274) - 0.053 (0.298)
Share SHA?l (sector-specific) 0.747 (0.264) 0.986 (0.312)
Productivity per capita pro,s,t_1 (sector-specific) 0.015 (0.011) 0.027 (0.027)
Employment growth in other sector Aerrpr"ls -0.459 (0.379) -0.166 (0.179)
Lagged employment in other sector emp,” ls_l -0.074 (0.080) —-0.024 (0.028)
Lagged sector-specific employment enpft_l -0.118 (0.023) -0.178 (0.053)
Lagged population pop, ,_; 0.292 (0.080) 0.174 (0.091)
Region dummies ers (39) included included
Year dummies ftS (29) included included
R? (weighted) 0.346 0.256

Notes: Estimates of the sector-specific employment equations in model (6.1). Observations are weighted to regional employment
averaged over time. The outlier region of Flevoland is left out of our sample. The equations further include a number of dummies that
control for administrative shifts in regional borders, which are not reported in the table. Standard errors, reported in brackets, are robust
to heteroskedasticity and autocorrelation over time. Both equations are estimated with 2SLS, where employment in the other sector is
instrumented by its share.

In both sectors, population growﬂnﬁnlt has no statistically significant short-run effeand

in particular, the effects are not statisticallgtitict between sectors. The expected labour
supply effectsAeI_sr,t and el_s;r,t-l are statistically insignificant in both sectdt& he labour
demand variable§|—|,6,rsyt and proft_l are not statistically distinct for the two sectdyst
interestingly, the shares predict employment grawtith better in these sector-specific models
than in the aggregate employment equation. Emplayge@wth in the other sectcarrp;ts
appears to affect sector-specific employment growetipatively, both in the short and in the
long run. However, these effects are not statibfiségnificant either.

Lagged sector-specific employmempft_l affects growth downwardly, and the lagged
populationﬁm_1 has a significant positive effect in both sectémterpretation of these
effects is not so straightforward, as we cannobdgmose these findings into density effects and
adjustments on regional labour markets. Howevés,dtear that lagged population does not
affect employment growth less in the export setttan in the local consumption sector. On the
contrary, the point estimate appears to be highethermore, we remark that the effect of
empft_l is smaller in the export than in the local constiompsector. Together with the

findings for lagged population, this suggests thate is a positive effect of employment

% The only exception is a significantly negative long-run effect of expected labour supply in the export sector, which is
difficult to reconcile with economic theory.
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density on growth in the export sector. To the iixtirat this variable reflects economies of
agglomeration, it is not surprising that it playlsuager role in the export sector than in the local

consumption sector.

So is it labour supply or local consumer demantldnaes employment growth? Based on the
estimates in Table 6.1, we have several reasoslieve that the labour supply effect
dominates. In the first place, lagged populatidec$ employment growth in the export sector
at least as strongly as in the local sector. Welavoat expect to find this if local consumer
demand was the major motivation for jobs to follp@ople. In the second place, employment
growth in another sector affects sector-specifipleyment growth negatively, suggesting that
labour supply constrains employment growth. Théomathat employment growth is restricted
by labour supply is also consistent with the firgdihat sector-specific shares predict sector-
specific employment growth well, but that this does hold for the aggregate. Apparently,
sectors can grow at the expense of each otheagguegate labour supply does not
accommodate changes in demand that are inducedtiopal industry-specific developmerifs.
Finally, the other demand side variable, value ddukr worker, is also statistically
insignificant in all employment equations, suggegtihat employment growth is supply, rather
than demand driven.

% In our sensitivity analysis (Appendix 3), we find that the share plays a more significant role in peripheral regions. This
finding is consistent with the above argument, because labour markets tend to be tighter in core regions. In other words,
labour supply is somewhat less likely to constrain employment growth in peripheral than in core regions.
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Conclusions

Much of the population-employment interaction ktierre ignores housing supply, either
implicitly or explicitly assuming that it will fu}f accommodate any changes in the regional
population. However, our empirical analysis indisathat, at least in the Netherlands, housing
supply is not quite as accommodative as is geryafadiught. Potentially related to restrictive
spatial policies, this variable seems to be a mdgderminant of the regional population instead.
Employment adjusts to the regional distributiopebple in the long run, while it is only
marginally affected by demand side variables. A@especific analysis suggests that the
adjustment of employment restores equilibrium ariaeal labour markets, and is not
predominantly driven by the demand for nontradablesumption goods. All national
developments and time-invariant regional heteroiggaee controlled for, and a sensitivity
analysis indicates robustness of our results ters¢alternative specifications.

From an economic perspective, these findings makees One would expect the regional
demand for labour to be elastic with respect toega@ particular in a small and open
economy such as the Netherlands. On the other Hamdegional supply of labour may be quite
inelastic. Migration must be an important compordrthe long-run regional adjustment of
labour supply, but labour is known to be rather white, in particular in most European
countries. This immobility is enhanced by rigid bimg supply. Even if migration patterns
would be highly sensitive to real wages, then latsupply would still be inelastic if housing
supply were inelastic. Hence, employment wouldtinedty easily adjust to the regional
distribution of people, but the reverse is lessliiko occur’’

Arguably, shifts in the regional distribution ofggde and jobs have been shaped significantly
by the process of urban sprawl or suburbanisaR@sing incomes and falling transport costs
may explain the sizeable population loss of thgddbutch cities in the past decadegur
estimates confirm that housing supply and poputagi@wth have been larger in less densely
built-up areas. Restrictions on construction attbendaries of these cities as well as on some
neighbouring regions may further explain the patéic spatial pattern of growth that has been
realised. The Flevoland region provides a nicesitiation of the mechanisms we identified.
Created on newly drained land and largely unaftebiebuilding restrictions, this region has

accommodated many people who desire a more spahieeling outside the city of

% Blanchard and Katz (1992) find for the US that shocks in labour demand are largely absorbed by migration in the long run,
and that employment is not so wage elastic. However, we have argued that regional labour demand is likely more elastic,
and migration and housing supply are less elastic in the Netherlands.

% These is a competing explanation for urban sprawl, generally referred to as the “flight from blight” hypothesis, which
asserts that rich households have left city centers because of a lack of public goods like high-quality schools and protection
against crime (cf. Nechyba and Walsh, 2004). As the provision of such local public goods is generally more evenly spread
over locations in the Netherlands than in the US, and perhaps also at a higher level, this explanation seems less relevant in
the context of our analysis.
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Amsterdam. Although a large share of the inhabitatit commute to Amsterdam nowadays,
employment in Flevoland has made a substantiakadgnt to the emerged regional supply of
labour.

As our analysis includes only a limited humberatfdur demand side variables, we can draw
rudimentary conclusion at best with respect tortthe of demand in determining employment
growth. Nevertheless, the statistical insignificant variables like employment density, the
share and value added per worker do suggest fbabth is modest. These findings contrast in
particular with certain core-periphery models friva New Economic Geography literature, in
which agglomeration economies determine the spdi&fibution of the population through
labour demand (cf. Fujita et al., 1999). Perhapsh agglomeration forces are not always as
relevant empirically as this literature tends tggests. At least, it does appear that they have
not been a major determinant of changes in theaspgidtribution of economic activity in the
Netherlands over the past decatfes.

Given the limited data availability for our perioflobservation, the conclusion that jobs follow
people has to be put into perspective as well. @i mot been able to account for
heterogeneity of the population in terms of, fatance, educational attainment. Higher
educated workers possibly choose to live nearldeijabs. As housing supply is restrictive,
they may outbid lower educated workers for scamesimg, so that aggregate population
growth is not responsive to employment opportusitidence, the conclusion that people do not
follow jobs may not hold for all subgroups of thepplation. Similarly, our finding that

regional employment growth is mainly supply induckees not necessarily hold for all
segments of the labour market.

Notwithstanding these qualifications, we think ttvad useful lessons can be drawn from our
analysis for spatial policy. In the first placee tividence that, in the long run, employment is
mainly determined by labour supply, suggests tbatahd side policies, such as land subsidies
for firms or investment in regional infrastructureay not be so helpful in attracting jobs. In
view of the popularity that such policies have gepbboth in the Netherlands and in the
European Union, it seems worthwhile to point this“8

In the second place, a plausible reading of ouliffigs is that people move to regions where
houses are built, but houses are not necessaiityirbtegions were people would want to live.
For example, our findings suggest that more peaplad have lived in densely populated

% In the absence of labour mobility, economies of agglomeration may still play a role trough input-output linkages. See Puga
(1999) for a discussion of the role of labour mobility in models with agglomeration economies.

4% Obviously, this conclusion may not hold in countries where labour supply exceeds demand by far. Note for instance, that
the sensitivity analysis in Appendix 3 suggests that demand side variables like the share play a more significant role in
peripheral regions than in the core.
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areas under more accommodative housing supply sld®edRestrictive spatial policies in the
Netherlands are probably an important culprit. ®bsly, a full assessment of costs and
benefits of such policies is far beyond the scdpmuo analysis, which is essentially reduced-
form. Nevertheless, the costs in terms of welfasoaiated with a mismatch between regional
demand and supply for housing are likely to be suitgl. Moreover, our findings indicate that
the effects of such policies spill over to otherrke#s, such as the labour market. To the extent
that agglomeration externalities in either consuompbdr production play a role, the incurred

losses may therefore be even larger.
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Appendix A: data and tables for exploratory analysis

Figure A.1 Growth of the regional housing stock 1973 - 2002

; Housing growth (%)

75 to 100
60 to 75
45 to 60
30 to 45

0 to 30

Notes: The cities of Amsterdam, The Hague and Rotterdam are denoted by A, H and R respectively. The housing stock in
the region of Flevoland (FL) has increased by more than a factor 6, so it is not shown in this map.



Figure A.2 Growth of the regional population 1973 - 2002

Population growth (%)

B 40 to 60
B 30 to 40
] 20 to 30
] 10 to 20
] -5 to 10

Notes: The cities of Amsterdam, The Hague and Rotterdam are denoted by A, H and R respectively. The population in the
region of Flevoland (FL) has increased by almost a factor 15, so it is not shown in this map.
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Figure A.3

Net internal migration rate 1973 - 2002

Migration (%)

to 20
to 5
to 0
to - 5

[ ] -27 to -10

Notes: The migration rate is computed as total net incoming migration from 1972 until 2002, divided by the regional
population in 1972. The cities of Amsterdam, The Hague and Rotterdam are denoted by A, H and R respectively. Total
incoming migration in Flevoland (FL) exceeds the population in 1972 by almost a factor 10, so it is not shown in this map.
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Figure A.4 Regional employment growth 1973 - 2002

Employment growth (%)

B 555t 75
B 40 to 55
] 25to 40
[] 10t 25
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Notes: The cities of Amsterdam, The Hague and Rotterdam are denoted by A, H and R respectively. Employment in the
region of Flevoland (FL) has increased by almost a factor 5, so it is not shown in this map.
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Table A.1 Pairwise correlations of dependent variables, yearly observations

Region and time fixed effects:

Housing growth Ahou, ;
Fixed effects only
Population growth Apop;
Migration NIM,/POR
Employment growth Aemp, ¢
Population growth Apop; ;
Fixed effects only
Housing growth Ahou, ;
Migration NIM, ,/POR, ;4
Employment growth Aemp
Migration NIM;/POR
Fixed effects only
Housing growth Ahou, ;
Population growth Apop;
Employment growth Aemp
Employment growth Aemp ;
Fixed effects only
Housing growth Ahou, ;
Population growth Apop; ;
Migration NIM,/POR

Coefficient

0.752 (0.064)
1.031 (0.114)
- 0.032 (0.009)

0.668 (0.038)
1.101 (0.072)
- 0.018 (0.011)

0.292 (0.044)
0.381 (0.049)
0.018 (0.008)

- 0.286 (0.072)
- 0.144 (0.113)
0.504 (0.193)

Excluded
RZ

0.502
0.305
0.014

0.672
0.604
0.319

0.309
0.423
0.014

0.025
0.017
0.025

Coefficient

0.420 (0.073)
0.805 (0.039)
- 0.000 (0.007)

0.684 (0.086)
0.909 (0.061)
0.008 (0.010)

0.656 (0.066)
0.492 (0.080)
0.015 (0.010)

- 0.017 (0.147)
0.094 (0.110)
0.311 (0.161)

Included
RZ

0.745
0.819
0.880
0.745

0.680
0.779
0.823
0.680

0.271
0.656
0.597
0.275

0.424
0.433
0.424
0.426

Notes: Estimates in left columns are obtained by bivariate regressions, including constants and controls for administrative shifts in

regional borders. Estimates in right columns include region and period dummies as well. Observations are weighted to the regional

housing stock, population and employment respectively, averaged over time. The outlier region of Flevoland is left out of our sample.

Standard errors, reported in brackets, are robust to heteroskedasticity and autocorrelation over time.
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Appendix B: Accounting for interregional commuting

In the population-employment interaction model dediin section 2 we use weighted regional
populationﬁi t and employmen%i t, in order to account for interregional commuting.
To this aim we use weight matrice¢> andW? , which are applied to regional employment in
the first two equations, and to regional populatiothe third equation of (4.1) in Section 4. .

We computemi 1= Zj W,%ENIPJ-J , Wherew;; may be interpreted as the probability that
someone working in regigrlives in regioni. Multiplying this probability by employment in
regionj we get the expected number of people workingtiat live in region, and summing
over employment regions yields the expected worlabgur force in region Similarly, we
computeﬁi t= Zj W,?POPM . wherew,f may be interpreted as the probability that
someone living in regiopwould work in region. Multiplying this probability by population in
regionj we get the expected number of people living inaegthat potentially work in region
(the probability is also applied to people thatad participate). The sum over population
regions yields weighted potential labour supplygooduction in regiom.

In order to avoid endogeneity of the weight masjdbae elements\f,lj and w,? are computed
using predicted, rather than observed commutingpe. We predict commuting flows with
following gravity model:

COM;; ; = AB;F(d;) (B.1)

The variableCOM;; ¢, the number of commuters living in regipand working in regiop, is
explained by origin and destination-specific effe%tandB;, and a distance decay function
F(dij ) None of the parameters depends on the péried use the variation in commuting
flows over time only to obtain more precise estasailhe distance decay function is

parameterized as follows:
F(dij):exdaiDiltﬁiDiz+yidij) (B.Z)

So we assume that the number of commuters betweeregions decreases exponentially with
distance. The dummy variablbi1 corrects for commuting within regions and the dymm
variable Di2 measures border effects. In order to accounteigional heterogeneity, we allow
all coefficients to vary with the region of livinfthe parameters;, 5 and ) are estimated on
1992 — 2002 commuting data from the Dutch Labouc&&urvey. Distance between two
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regions is measured by the average number of lanéires travelled by commuters, because
the largest share of interregional commuters tealvglcar'*

The probabilitieS\Af,lj and W,? are computed using the predicted commuting floemfmodel
B.2 in the following way:

_ AFlgy) »_ BiFld;)

ij _ZiAiF(dij)' Wij _Zi BiF(dji). (B.3)

Note '[hatzi W,lJ =1 and Zi Wﬁ = 1, so that these weights can indeed be interpreted a
probabilities*

4! Estimation results are available upon request.

“*2 The matrices W* and W2 differ from the spatial weight matrices that are common in spatial econometric applications
(Anselin, 1988) in two perspectives. Firstly, numbers on the diagonal are smaller than one, because diagonal flows have
been included in the commuting model. Secondly, computing the required probabilities amounts to column normalization,
instead of the usual procedure of row normalization.
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Appendix C: Sensitivity analysis

We have performed a number of specification chézlexamine the robustness of our main
findings.

First, we have investigated whether the inclusibregional fixed effects is essential to our
results. It turns out to be quite important to colhfor unobserved regional heterogeneity for
our data. For example, none of the explanatoryabées in the migration equation are
statistically significant when we exclude the regdummies. The other equations are
somewhat less sensitive, but differ significantiftheir long-run behaviour. Note that these
findings may be specific to our analysis, as thelner of exogenous variables included is
limited.

Second, we have experimented with variables exdledéncluded in the various equations.
Excluding the employment variables from the housiggation, we found that the role of the
demographic variables increased, and that housimgth adjusted somewhat towards a long-
run relationship with population. Excluding the kg variables from the migration equation,
we found an increased effect of population denbitiy,no significant effect of employment
variables. Housing supply variables were insigaific when included in the employment
equation. We also experimented with two other dehsaghe variables, a measure for
accessibility and a measure for regional speciitingthe Herfindahl index). Both appeared
statistically insignificant in the employment eqoat

Third, we have experimented with various dynamiecsjrations. In general, entering more
lags of housing, population and employment grovifdaccéed other coefficients. However, the
sum of coefficients on first and second lags (sdamd third lags in the housing equation) was
not statistically distinct from the coefficient time first (second) lag in the original
specification. Hence, including more lags doesattet our basic findings.

Fourth, we have checked the robustness to regi@mtatogeneity. Regions were subdivided
into core and periphery regions, and we have takeinteraction effects of all variables with a
periphery dummy. All interaction effects were insfgcant, except for two. Migration appears
to be somewhat more sensitive to employment grawtore regions, and employment growth
appears to be somewhat more affected by the sh@eripheral regions. We have also
estimated the model including the region of Flemdlawvhich is treated as an outlier in our
analysis. Results were robust to including obséaatfor this region, only the long-run effect
of population growth seemed to be somewhat reduced.

53



Finally, we have split the sample into two equaldiperiods. Again, interaction effects of all
variables with a second period dummy were takemtip.demographic variables in the
housing equation played a larger role after 1988,adjustment of employment on regional
labour markets appeared to be stronger before ¥8@8ever, qualitative results were the

same.

Given these sensitivity analyses, we may conclbdedur main findings are robust to a fairly

broad range of specifications.
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